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(Communicated by Prof. A. C. Banerji.) 

^ Various cases of surface waves in two dimensions when the depth 
varies according to certain specified laws, have been consideied in 
classical hydrodynamics. We shall consider the case of tidal waves in a 
cylindrical basin with horizontal circular cross-section and variable depth. 
So far as known to me, the particular case I am treating has not been 
considered before. 

The horizontal cross-section of the cylinder being a circle of radius 
lay let the origin be taken to be the centre of the cross-section on the 
surface of water. If ^ be the height of water above the undisturbed 
level at the point (x, j), ho the mean depth and u and v the velocity 
components in the x andj/ directions, the equation of continuity is — 

~~ (h u)— (hv) ; 

9/ 0x ^ tdy ' 
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And the dynamical equations are 


31 

* dx 


^ y 3 ? (.]jg boundary condition is ~ — o at r— za 

v~ ^ 9 i 


Eliminating u and v we get 


P = + ^If)} 

Assuming simple harmonic oscillations, let I vary as 
Then we have 

. . . 




We shall consider the case when k=h„ 1 1+» sin — j 

r being the distance from the origin and /// being small. 
Since ^ is a function of r only, the eqn. (t) reduces (o 




Using ( 2 ) we get 


I • 

I + m sin — 
za 


;) + 


riT 9C I 0 

— - cos . H- , . 1; o 

za za 9 r ^bo 


Introducing polar co-ordinates and. assuming that ^ varies as 
cos (r0), this eqn. becomes 


I + w sin 


5) 




r cr n 


A+'&.cos’'^^ .^ + 4 . 1 ; 

J za za 9r gho ^ 


5+f§-+«=0 


p = 




gho ii -{■ m sin ^ j 
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Let us change the dependent variable from I to uhj the relation 
so that the differential equation changes to 

9^ 

dr^ 

where J = ^ ^ 


-2 + /» = o 


<•2 o 2 


gho ^ 


I 4- ;%? Sin — 
za 


2 [-^ 


— 2cir 


rjt 


+ 



za 

. cos2 


40^ 

( I + sin — ) 

V 2a J 

Hr rt eub 

j 4a^ za 

4 — 

cos2 

za 

cos 

^ 4 

za 


za 


>1 , • ^JC\2 

‘ 1 . 4 sin zar \ 

( 14 ;// sin — 

V 2.a 

\ 2.a / 


h 4- ;%? 


4r^ 


— k- si 


sin —4 TT^o sin — _ . cos — 

za %a^ za 4 ar za 




4 


'• sin 2 


JI_ 
za 8^2 


sin^ — 4 

za 4 ar 


/'jt 

sin — . cos — 
za za 




2 

where which is always positive, and as m is small, terms con- 

taining and higher powers of m are neglected. 

Now the right side can be put in the form 


- — -P -P m 

4r^ 

* ( 


j sin 

za 

K 

4 ar 

cosi:^! 

za\ 



h 

K 

sin 

a 

i _ 

^za^ 

^a 

r 

h 

\32^2 

= k^ + p, + 

4r- 

4 

ai sin 

za 

+ 

r 

rjt 

cos — . 
za 


cos -f? 
a 


, 

a 


where m .... a quantity of the lirst order of smallness. 


a2 


= — ^ ....... ist order 

4a 
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2 ^ 32^* 


. . , 2nd ordcf of smallness 


5 -- ;5y2 JL 2nd order 

" 8a 


Thus the equation takes the form 


2nd order of smallness. 




^ A+^2 — cos j u - o ... (3) 

We shall consider j to be a positive integer throughout unless othciwisc 
stated. 

For the first approximation we neglect terms containing the first 
and second powers of m, that is, we solve the equation 




2_ 4r"-i 


In terms of ^ this was of the form 


dr^ r dr 


■)'C = o 


Transforming this equation by the relation kr = p 

''"8“-5*7l+( - I-]?-'' 

which is Bessel Equation. 

Therefore the solution of (4) is u-r^ J, (J^r) 

-1 -I 

iQtX,=ue J ’’ =ur'^ 

We denote this solution by //,. 

= ri], (^r) 

To get a closer approximation we shall next retain in (3) terms unto 
the first power of «?. . ^ 

The equation is then 


4^2- 


12 ^) « + [ 


COS 

«1 sin ^+a2 
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To solve this put = u^+tiy 

= r\ J, {kr) + ih where contains terms of the first 

order of smallness. 

Then the equation becomes. 


dr^ + ( ^1+ [ai +aa cos ^ ] rA J, (kr) = 0 . . (5) 

2 Since the series for sin g , cos g and J. (/^r) are absolutely con- 
vergent for finite values of r, we can multiply the series for sin and cos 
unctions with functions tefm by term^ and the resulting series 

will be absolutely convergent and their values will be sin -fiL. 

and cos ~ (^r) respectively. 

On multiplying we ‘get 


sin 




. Js (kr) = V (_ I'jN j 4 - 2 N-{~i (k/2)j--f^N jt/: 

^ ' -V r •' Tni/» I XT I •Y-I/X T *. 


N =0 


■Jza 


LWN+I) r(N-hi)'i! 


,(k/2)f + 2N- 2(31/2^) 
T(.r+N) f(N) 3 ! 


4 - 

.... -j— - 


cos - . /, (kf) = V (- i)N. 3.S + 2N 

N =0 


r(^+or(i)i ( 2 N+i) 

1 (k/ 2 ^+ 2 N 

Lr(.f-f-N-t-i) r(N-t- 1) I ! 


_|_(k/ 2 p + 2 N- 2 ( 3 i/ 2 i 7 )‘^ 

'r(f+N) r(N) 2 ! 


+ 


(M/zy (3t/2«)2N 

v(s+i) r(i) 2N 


j 


Thus 


rji 

rjc , cos 

cxj^ sin -)- 0^., za 

za “ 


(kr) . rilz can be put in the form 


where 


CX 3 

A.-! = - 

Aj--f 3/2 = 

Ah 2 N-.= (-,)N 


1 , r (k/2y-^^- 1 (k/2)* {^/zay ] 

Lr(x+i) ri “ Lr(j--b 2 ) r( 2 ) + r(.r-i- y ri 21] 


J_ (k/2)s + 2N-2(jj/2fl)^ 

r(^-fN+i)r(N+i) iv+N)rWTT 


.+ 


(k/2)» (nlz ayt^ 

r(^-f I) r(i)^N! 


:](-«>) 
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I (k/2)S + 2N - 2. Jijzil ^ (jt/2rf)^ I 

-^(_i)N-i ^(N) I ! + r(.f-t N- 0 rVN- n ? ! 


(k/ 2 )' •; > 

ro' i 0 r(i) K^N- 1) 


') 3! 

(-ai) 


= — aa — «i N - 1 

where % = coeff. in the N'^ term in cos ^ . Js {kr) 

Sj^_ j = coeff. in the (N- 1 )'^' term in cos-^ . /, (kr) 
Thus the equation to be solved becomes 




2 ,-s+ 2 N- V (— aa^i^N - «i b|sj , ,) 

N=o 


( 6 ) 


To solve this put »i =2 (r/2fl)s+^N - i 

N=o 

Substituting this value of % on the left side and equating coefls. of 
like powers of r we get the equations giving values ol du 


doB. i 

{zay-\ ( 2 ^)'+ 3 


I (■f + 3 /^) (-f+a)- 


4J-2-I I 


4 

+ 7 / 2 ) (r + 5 / 2 ) - } 


(a^y+s’'' {zayn 

d,k^ ^3 {(s+irlz) (r+9^2) -hkp i 
( 2 j)^+l ^ (zay^ 

4 ^ 2-1 1 


aa 


~ «a 6^1 ~ Ui 0 


(2fl)'+%- 


- + 


( 2 ^y+ 2 N-J 


= - aa Q - ai 'h 

aa<il'N - 1 — av^’N - 2 


d^j^ , ( (^ + ^-^^ + 3/2) (^ + 2JV+ 1/2) 

(aay+^N'l ^ ^ ~( 2 fly+ 2 N+ 5/2 


-«a 


CN-aid'N_ 


Taking d, to be an arbitrary constant, the other constants arc 
given by the above equations in terms of d„, j and 

We shall next test the convergence of the resulting series 

00 J..P 2 N . i 

= 2 (r/ 2 (/) 

N =0 
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From the above equations we get 




I 

= 1 — tti c 




] 


*" 0 “ {lay-k 
( 0 C 2 Q ai 0) 


|b-+ 3 / 2 )(^+l/ 2 )- 


(zay+ll^- f ^(. 2 . 

(■f+ 7 / 2 )(j+ 5 / 2 ) - ^ 


U 2 i ^0 ^ \ 


I 


I (s+ 7/2) (j + 5/2) - I I (J-+ i/z) (x + I) - I 




( ^2 ^2 CXi 


{(s+lljz) (s+C,/z)_^J^ j 

( ■~ot2 """ai ‘^o) 


{ (-f+ii/^) (J-+ 9 / 2 ) - } { (-^ + i) (■*■ + 5 )- } 


+ 


+ k* 1 

t “ (2«)®'4 i 

1 

-T-'l 

{(' 

+ 7 / 2 ) (•<•+ 5 / 2 )- ^ 1 

((•r+3/2)(.+ 4) 4^'^-’'] 


_ _ (~ 02 Cn - I — ai - 2 ) 

(aaV+zN-j 'i 4 j2-ta 

^(s+zN-i)(s + zN- 3 /z)-^~~±\ 

_ ___ aa^N- 2 — Oj An-}) 


I (.f+2iV-4)(j-+2N-3/2)-l'^~-| 


I (j + 2N— 5/2) (J + 2N— 7/2) - 


4j2_ I 


+ •.■• + 


(-0 


N - I -N - 2 


cIq k 


■ “2 *^0 ( 2 ^)^ 




.'(j+ 2N-^) (.+ 2N-3/2 -^^^}... |(x-t-5/2)(^ + l)-^^| 


to N factors 


( 2 ^).r + 2 N + 3 / 


(— a2 t^N - l) 


j (,r+ 2iV+3/2) (x+ 2N4 I) - -^-} ■ 

|— aa^^N-i — ai^N- 


I I |(j+ 2 Ar- 4 ) (j--f 2 N- 3 / 2 ) 


4s^—i I 
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N 2N 

(- l) k 


{zdy 


! {s+zN+ijz) (s+zN-\-i) 


n l ( I f. 


\ ] ■■■.{ O' + 3 A) “‘I 

. . to (N-l- 1) fact:or.s. 


we may put 




(-aa Cn-i-C] Sn-z) 

JO+aN-DO+aN-i*)-^' 

‘ 4 


__ 0,2 — 2 — (Xj Sn ~ 3 ) 

(-oaCN-i-ajSN-a) | (.f+2N-5/2) (.r-] aN-y/a-''' ' | 

.a 


^N + i 

(la) s 4 - 2 N-j- 3/2 


(“'a2CN- i~ai SiM~2) I (.r+zN— ^/i)(s-\ zN ^j/z 

+ { 0 + 3 / 2 ) O+a) ■- '^ ”-"1 


z ' i 

-I I 


( CC2 a^ SN - I ) 

(j-+ 2 iV+ 3 / 2 ) (x+ 2 N+i)~ ^ j 

I - . - 0 2 Cn - 1 ~ aj Sn -■ 2 

(-a aCN-aj Sn i) I 0+2N-3,)(j.y2M_ 3/2) _ 1 


+.... 


(,- 1 ; M , -a f « 

I . » (2rf),r- 


j-Oa^ -aiJN-ij I 0+2-JV- 2)0+2N3/2). 


4 .r — I 


/a) 0 + 1 / 2 )- * j 


It IS easy to see that as N tends to infinity, the series within the big 
brackets in the above tend to the same limit, say D. Then we get 
Lt 4Uj_0/^2N+3/a _ Lt D (- a, C Sn - I ). 

N ->oo d (r/ 25 )-f 4 - 2 N -4 ' - \^ 0 > / 

= Lt (‘•"Cti CK—g i $N - i) 

(~“ aa Cn « I - gj^ Sn - 2X2^7)^ 
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Now r zn and since Ci^ aild Sn aire coefficients in the -product cos —J, (tr) 

and sin J, which ate corivetgent series, - 

<. Cn- I -,- Sn < Skl-j. _ 

. T p f - Q2 - Cti Sn - i)r/ la )'^ . 

( — 02 Cn-i — Oi Sn-2)" 


the series 




N = o 


is convergent. 

Thus the solution of the equation 






^JC 
COS— 

. rjt , la 

sin — -f- 012 ' — 
za r 




O 


, x+zN - \ 

is given by /<? ™ ti^ 4- % = Js ('^^) + ^ 


In terms of ^ .we have. . 


Q=u . e 


'^[Pdr 


N = 0 


where P =— + 


cos 


rii 

la 


r Id' sin r^lia) 


-ijPdr ^ -I 


I / , • - 


'Q =z r q I + «; sin j ^ 1 

^ , N = 0 

Therefore the complete solution of the equation 

1:8 ( , d'Q ±( ._^Vl 


is^ 


itTt 


cos (sd) r~^ {i + «? sin r^ji-a) ^ [r^ Jj (kr) + 1' (rjia) 


yC-j- iN - J 


iN = 0 


Permissible values of the frequency ate given by applying the boundary 
condition ■— = O ^tr = i a 


dr 


It is to be noted that so far we hate taken s to be a positive integer. 
It is found. that for values of r such that zs is an p4d integer, the first 
approximatfe solution comes out4n finite nuthber of terms. But 
F. 2 
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even ifi these cases the next approximation contains infinite number of 
terms. We shall illustrate the point by considering the solution for 
some particular values of s. If is is an odd integer, we can put 2.f=-2/-|-i 

where / is an integer. Then - = / (/ + i) 

the equation (3) takes the form —+/&%= u, where terms 

of the ist and 2nd order of smallness are neglected. The ® solution of 
this equation is found to be of the form 


/+I t X d \ l-\-l ^ . -ikr ilo- 

" — -{-Be ) [cf. Aft. 112 Forsyth] 

We consider the case r = I 
We then solve the equation 


dr^ 


+ u 


sin 


^3 

la 


cos 


a2^ 


ia\ 


n 


We retain terms only up to the fir^t order of smallness. 

The first approximate solution, when the right side is omitted is //=;/,, 
cos {kr) 


To get the next approximation, substitute u—Uf^-{-u-y where //, contains 
only first order terms. The equation to be solved is then 


_ r cj 

^^2 1" ^ ai SI. 


cosfi- 

za ^ r 


-"hfb+b''+™»LT-" )'] 


A particular solution of this equation is 


«i = - 


-(i 


JT 

la 


-( 5 -^r 


— ~ cos 
2 


D ^ ^ 


+ XH + 


02 


eos 




+ 


r- (b) 
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Thas to the first order of smallness, the solution is ^ + % 

C sj ^ I I + » sin = e cos (djz) [»o + »i] 

which contains infinite number of terms. 

We next consider the case s = 3/2. 

The equation in u becomes 


+ 


sin '21+ «i cos 
za r za 


The solution of 4 = o is found to be »q = sin (kr) + 

To get the next approximation put ;/ = fi- /q in the original 
equation and we get 


sin 2L+ AL2 cos ^25 
za r za 


- . j^sin (kt 


cos {kr) 


r + “2 “i sin [ k — -T ) r 

r \ za 


- A) "■ = - S+ f 'it] ■ [“” ] 

= - J [“4^ - ( . + £-) . + ^ si. ( . - A) . 

+ cos (.+ i).+ (a,.^a)cos(^-i).] 

The right side can be expanded in a power series in r and a series 
solution of the equation can be obtained. 

On expanding the right side becomes 

# 

“ " "7 + + i*) } “ A 

^ £ij(a. + «i) (.6 + i). 

sj + -- 

... I 
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+ 


»+2 2»-2 


+ (- 1 ) 


[< 


(pLi a2) ( ^ + 2.a 


) 


(aa-ai) I k — : 

+ - , ^ 




'+ 




+ 




[(..+.J (*_+ ;“ ) 

« = 0 ^ 


2 «- I 


(0C2 — CXi) ( 


\ 2 ?/ - 2 


+ (-i)". a. 


(^ + 27 ) + ( ' 


\in 


To solve the equation put = 2 r^: t^g left side, li 


n=o 


qua Ling 


of like powers of r,;i* are given by the following equations 

Po - zp,+ ip, = - i j + 2 a^k- a, [ ^ 2 + I 

02 

loA + k^p2 = 4 I ‘^“i+“ 2 ) ( k +-~) _ (a 2 -a,) (xi - £,)■' 

L ~ — ' — ~ — ,■■■ ■ I —j~. ^ / 


kjn; 

a 




lA 


a«A+ k^A = - I {^+a2)(^ + -i)' (a,-„0 _ £ I 

1 5 ■ i r ' ■“-™™ 


2 « - I 

)' 


Jt \ 2 // “• I 

za I 

\2n - t 



cocHicictu 


I 

) 
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The first two equations give an interdependence between and a^. 
The remaining equations determine values of pi,p^ etc. in terms of 
which comes out to be arbitrary but can be evaluated later on by apply- 
ing the boundary condition as shown later on. 

Thus the complete solution is « = + Ui 




I m sin -- 
la 


.r 


sin — I r = cos ^ j sin (kr) 


cos (kr) 

+ M+ 2 p, 

n=o 


The boundary condition = o at r=za may be used to find suitable values of p.^. 
The interdependence between ai and a2 reduces to 


== a2 j substituting the values of aj and 02 

we get k^+k/z - == o 

- 1 + I + ^ - 2 

or k= f— .where k^=~- 

4 gho 

This gives admissible values for o. 

Thus we have seen that for values of s such that zs is an odd integer, 

the and approximate solution of the equation involves infinite number of 
terms. 

We shall next consider the case when the basin is rotated about 
its vertical axis with constant velocity w. 

Let the axis of the basin be taken to be the ^ axis and the origin 
be taken in the undisturbed free surface before rotation ensues. The 
axes of .V and j are now supposed to rotate in their own plgne with 
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the prescribed angular velocity let us denote by, //, p and ?;/ the 
velocities at time /, relative to these axes, of the particle which then 
occupies the position (x,j, ^). The actual velocities of the same particle, 
parallel to the instantaneous positions of the axes, will be /—V'y, r |- »'.v, 
2!/ and the accelerations in the same directions will be 

Dm Dp „ Dip 

_ _ 2 ^ + 2 »- « _ wy, 


We shall assume the relative motion to be infinitely small, so that 
we may replace ^ • 

Now let be the ordinate of the free surface when trie re is 
relative equilibrium under gravity alone, so that 

^^0 = i — 

o 

For simplicity we will suppose that the slope of this surface is 
everywhere small, in other words, if r be the greatest distance of any 

part of the sheet from the axis of rotation, is assumed to be small . 

^0 "b ^ denote the ordinate of the free surface when disturbed, 
then on the usual assumption that the vertical acceleration of water is 
small compared with^ the pressure at any point (x, j, is given by 

P- Po=g^(Zo+^-^ ( 2 ) 

whence ~ ^ x — 

e dx 9x 


yep „ 9C 

The equations of horizontal motion ate therefore 

9*'j_ dC 

dx dt dj 


cu 


— 2 %V, V 


The equation of continuity is as usual 


( 3 ) 


cl 8 , 

F/ - 

where h denotes the depth from the free surface to the bottom, in the 
undisturbed condition. 
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In the case of simple harmonic disturbance the time ■ factor 
being the equation (3) and (4) become- 

0 

/'o tt~ zwv == - g-^ ('Q ,iQV ^'a> U = ~ g-^ . . . . ( 5 ) 

cx QJ 



. ( 6 ) 


(7) 


Introducing po!ar coordinates (r, 6 ) and employing the symbols rj 
to denote displacements along and perpendicular to the radius vector, 
then since 


f = iai, rj = /0rj the equations (7) become 

. _ I /_9^. _ \ r 

^ — 4w‘^ \ dr a ' r^d ) ^ 

— _ 'I _ / A _ • -A ) r 
^ ~ - 4 ^^ \ a “Sr rd 6 ) ^ 



and equation (4) becomes 

^ Pc'e • • (9) 

Elimination of | between (8) and (9) gives an equation in ^ 
alone. We get 

, 3^^ b \ 

^2 g^2 V 0r Ot" j 9/"30 

( dh h ziw 3-^ 1 95 , 1 ^ I Af. A\ ■ A? 

i(F T 96») 3r 1 9^"^ crf^ or^' ‘ t/cj 00 


or 



cH ^ oH ( A 4 . A + iA 1 

" ^^2 + ;.2 ^2 + \ ^ + r err P j ' 9r 


J ^ ^ 1 ^ -L ~~ 4“^^ I — o 

i ’ 9 ^ ar dr\ 'bO g 



96 


R,C. KHA.RE 


If we assume that h varies according to the same law as in the first 
part of the paper, then ^ is a function of r only and the above equation 
reduces to 



(dh , I 9 ? _ , g^— 4 «-'" 

aK \jr 7 ] gl- a-- ' dr ‘ dd ' ,a; 


Taking ^ to vary as e where j is integral, the equation simplifies to 


dH. I dl sH\ dh 3 C j . ^sw dh 


dr^ r dr 


1 


when h ^ ii m sin 


rn 


dr * dr I g 

the above becomes 


ar * dr 


C = o 


+ p ^ ^ ^ = o where 


P + 

r la 


a- — 4 ?^- 


COS 


rit 

la 


I 4- m sin 




gho T + m sin 


infT] 

la ] 


_ flj, ^ .Oi-' ///jt 

-t ’ “ • ■- 


cos 


/'7T 


It is to be noted that the value of P is the same as in the first 
part of the problem. As regards Q there is an additional term 

cos 

instead of B ie -®“- we now have Hence 

0 - la ■ r gho gho 

proceeding as in the fir^tpart, we have after transforming the equation 


in ^ to * by the relation I = ue 








at sin — a<>^ cos ~~ 

" za 


+ 


sin 




2.CI /^ir 

+ jSo COS ^ 

r za 


where 

gho 


= O 


— a 2 + 


ZS W Tt 
Z a rr 


and ccj , 02 , , ^2 and have the same values as in the first part. 
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Thus the equation remains essentially similar and with the new 
notation has the same solution as in the first part. The only difference 
is in the boundaty condition, it being 



o at r ^ za 


1 express my thanks to Prof. A. C. Banerji under whose guidance 
the paper was prepared. 
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EFFECT OF TEMPERATURE OVER VISCOSITY AND ELEC/TRICAL 
CONDUCTIVITY OF COLLOIDS OF IRON SILICA'TES 

By G. K. Shukla and S. Ghosh 
Chemistry Department, University of Allahabad. 

Absteact 

Colloids of iron silicate were prepared and the viscosity of the different 
samples (taken at different stages of dialysis) and at different concentrations were 
measured using special viscometer and arrangement, at different shearing stresses 
causing the flow. The measurements were done at r)0°O, and 70'’0 and 

also again at 30°C, after keeping the samples at 70°C for half an. hour. 'I’ho 
specific conductivity was also noted of each sample at the temp(0'atai.r('s at; which 
the viscosity measurements were done. 

Tiscosity was seen to rise with temperature for jmre and (!o,nc(ui.('ra,l.e(l 
samples while a decrease was seen for dilute ones. I’he ini])ure saniph' showed 
the same viscosity after cooling from higher temperatures -n'liih' ])ur(' samples 
showed a permanent increment in the value. The electrical (amduetiviii.v wa.s 
seen to rise in all cases with warming and the value was not rc'jK'atu hh-. hy (asding. 
The behaviour is explained on the basis of the struetuia' fornia.l.ion of e.olloid 
particles and their loss of adsorptive capacity at highci' imiipraailaii'es. 

In a previous publication (i) we have reported tlie preparation 
of positively charged iron silicate colloid and have studied its behaviour 
with reference to its viscosity at various stages of purity and concen- 
tration. There it was found to yield gels after su,fficient jouiiiy was 
attained, and structural flow had also been recognised in the viscosity 
data when the measurements were carried on different shea.ring stresses 
causing the flow in the viscometer. 

In preliminary experiments it was seen that the viscosity of the sol 
of iron silicate increased when the sol was warmed specially when it was 
pure and concentrated. Ghosh and Banerji (2) have studied the effect of 
temperature on the viscosity of ferric phosphate sol and have correlaied 
the result with its ageing effect. In this paper we have studied the effect 
0 the temperature over viscosity and specific conductivity of colloids of 
non silicates as it has been seen that the sol sets to a gel form when 
sufficiently pure on warming. 
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Experimentae 

Three colloids nanrely Sol A, Sol B, and Sol C of iron silicates 
were prepared by the interaction of ferric chloride and sodium silicate 
solutions as published earlier in a communication from this laboratory 
(loc. cit.). Sodium silicate solutions of different Na20/Si02 ratio were 
used for the preparation of the sols of different compositions by addition 
of hydrochloric acid or caustic soda solutions in calculated amounts. 

The experimental results described here deal with three samples 
of each iron silicate colloid taken at various stages of purity showing 
no coagulation, precipitation and gel formation when treated with electro- 
lyte solutions, and are marked as Sol AI, Sol AU, Sol All I etc. The visco- 
sity relative to water have been measured at three concentrations of each 
sample viz. Sol AI — without dilution, Sol AI/3 — thrice dilution, and Sol 
AI/6 — six times dilution with water, at three different shearing stresses 
causing the flow, namely-, 15 cms., 30 cms, and 60 cms. of the water 
column and at temperatures 30°C, 5o°C, and yo^C. The measurements have 
also been repeated at 3o°C after keeping the sol at 7o°C for 30 minutes. 
The viscosities were measured using a special type of viscometer with 
the use of a combination of Farrow’s and Hosking’s methods of 
viscosity measurements with modification first described by Ghosh and 
Ayub (3) and also described in detail in the previous communication 
(loc. cit.). 

The electrical conductivity has been measured at the dilutions and 
temperatures at which the viscosity measurements have been done. 

Fe203 and Si02 and chloride contents of each sample taken out of 
the dialysis bag are also given. 

Sol AI — Sample taken before dialysis. 

Composition: Fe203 — 0.015 31 moles per litre. 

SiOg — 0.04995 gm. moles per litre. 

Cl — 0.1356 gm. atoms per litre. 

Iron silicate, therefore contains Fe2 O3 and Si02 in the ratio of 
1 : 3-26. 

The sample did not show coagulation within convenient time with 
N/io potassium sulphate solution. 
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Rates of flow (tix/iiiu) 

Temperature Sol Al Sol AI/3 Sol Al/6 



15 

30 

60 

15 

30 

60 

15 

30 

60 


cms. 

Cms. 

cms. 

cms. 

cms. 

cms. 

cms. 

cms. 

cms. 

30°C 

1.021 

1.021 

1.021 

1.020 

1.020 

1.019 

1.018 

1.018 

1.018 

60°C 

1.039 

1.038 

1.038 

1.016 

1.016 

1.016 

1.010 

1.010 

1.010 

70°C 

1.024 

1.023 

1-023 

1.008 

1.007 

1.007 

1.003 

1.003 

1.003 

The sol was 
cooled back 
to 30“C 

1.021 

1.021 

1.021 

1.020 

1.020 

1.019 

1.018 

1.018 

1.018 


Conductivity in inverse ohms. 

Temperature Sol AI Sol AI/3 Sol AI/G 

30°C 1-321x10-2 5-1415x10-3 2 0778x10-3 

50°C 1-814x10-2 7-224x10-3 3-685x10-“ 

70°C 2-439x10-2 9-6290x10-“ 5-123x10-“ 

The sol was 
cooled back 

to 30°C 1-409x10-2 5-667x10-3 2-987x10-“ 

Sol A//— Sample after 50 hours dialysis. 

Composition : 

Fej O 3 — 0.01235 gm. moles per litre 
SiOj — 0.04662 gm. moles per litre 
Cl — 0-03390 gm. moles per litre 
therefore it contained Fej O 3 and SiOj in the ratio of 1:3.726. 


Rates of flow 


Temperature 


Sol All 



Sol AII/3 

Sol AII/6 



15 

30 

60 

15 

30 

60 

15 

30 

60 


cms. 

cms. 

cms. 

cms.. 

cms. 

cms. 

cms. 

cms. 

cms. 

30°C 

1.028 

1.027 

1.027 

1.024 

1.023 

1.023 

1.015 

1.014 

1.013 

50°C 

1.047 

1.047 

1.047 

1.026 

1.025 

1.021 

1.001 

1 .000 

1.000 

70°C 

1.060 

1.059 

1.059 

1.020 

1.020 

1.017 

1.007 

1.005 

1.004 

The sol was 










cooled back to 










30°C 

1.028 

1.027 

1.027 

1.024 

1.023 

1.023 

1.015 

1.014 

1.013 
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Conductivity in inverse ohms. 


Temperature 

Sol All 

Sol AII/3 

Sol AII/6 

30°C 

1 -388X10-® 

5-295x10-^ 

2-948x10-4 

50°C 

2-311 xlO-3 

7-504x10-'* 

4-374x10-4 

70“C 

2-801x10-3 

9.979x10-4 

5-444x10-4 

The sol was 
cooled back 
to 30°C 

1-502x10-' 

5-690x10-4 

3-19x10-4 

Sol A III — After 192 hours of dialysis 



Composition 





^<^ 2 ^ 3 — 0.01135 gm. moles per litre. 



giOg — 0.04310 gm. moles 

per litre. 



Cl — 0.0339 gm. atoms 

per litre. 


Therefore it ^ 

contained Fe 203 and Si02 in the ratio 1:3.797. 


The sample was seen to yield gels on suitable coagulation 



Rates of flow 


Temperature 

Sol A III 

Sol A III/3 

Sol A III/6 


15 30 60 

15 30 60 

15 30 60 


cms. cms. cms. cms. cms. cms. 

cms. cms. cms. 

30°C 

1.702 1.677 1.476 1 

.190 1.130 1.125 

1.092 1.089 1.087 

50°C 

2.945 2.261 2.112 

1.409 1.260 

1.140 1.087 1.087 

O 

o 

o 

The sol sets to a 

Gel formation in the 

Irregular flow due 


firm gel form in the 

viscometer 

to the precipita- 


viscometer when kept 
at 70°C within 30 

minutes. 


tion. 


Conductivity 

in inverse ohms. 


Temperature 

Sol AIII 

Sol AlII/3 

Sol All /6 

30°C 

1-118x10-'* 

4-481x10 3 

2-616x10-3 

r)0°c 

l-568.xl0-« 

7-818x10-3 

3-92x10-3 

70°C 

2-194xl0-« 

1-397x10-4 

9-32x10-3 

The sol was 
cooled back 
to 30“C 

1-116x10 ‘ 

6-448x10-3 

5-25x16-3 
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Bol M—Before keeping for dialysis, The sample did not coagulate with electro- 
lyte solutions. 

Composition : 

FegOg — 0.01390 gm. moles per litre. 

Si02 — 0.06526 gm. moles per litre. 

Cl — 0.12080 gm. atoms per litre. 

Thus it contained Fe 203 .‘SiOg in the ratio of 1:4.695 

Rates of flow 


Temperature 


Sol BI 

Sol BI/3 

Sol BI/(S 


15 

30 60 

15 30 60 

15 30 60 


cms. 

cms. cms. 

cms. cms. cms. 

cms. enis. cms. 

30°C 

1.024 

1.024 1.024 

1.021 1.021 1.020 

1.008 1.008 1.007 

50°C 

1.051 

1.050 1.047 

1.020 1.016 1.016 

1.004 1.004 1.003 

70°C 

The sol was 
cooled back to 

1.072 

1.062 1.055 

1.021 1.020 1.016 

1.007 1.003 1.003 

30°C 

Sol 

1.024 

1.024 1.024 1.021 1.021 1.020 

Conductivity in inverse ohms. 

1.008 1.008 1.007 

Temperature 


Sol BI 

Sol BI/3 

Sol Bi:/6 

30°C 


1.0264x10-2 

4.80x10-2 

2.()62xl0 2 

50°C 


1.792x10-2 

6.81x10-2 

3.710x10-2 

70°C 

The sol was cooled 

2.269x10-2 

9.324x10-3 

5.515x10-2 

back to 30°C 


1.. 306x10-2 

5.014x10-2 

2.900x10 3 


Sol 5/1— After 72 hours dialysis. The sample showed coagulation with clc(tr-o].yl(‘K. 
Composition : 

FegOs — 0.01050 gm. moles per litre. 

SiOg— 0.06327 gm. moles per litre. 

Cl — 0.024828 gm. atoms per litre. 

Therefore it contained FogOg and SiOg in the ratio of 1:6.026 


Rates of flow 


Temperature 

Sol BII 


Sol BII/3 


Sol BII/6 



15 

30 

60 

15 

30 

60 

15 

30 

(iO 


cms. 

cms. 

cms. 

cms. 

cms. 

cms. 

cms. 

cms. 

cms. 

30°C 

1.042' 

1.041 

1.038 

1.021 

1.021 

1.020 

1.006 

1 .006 

1 .006 

50°C 

1.048 

1.047 

1.047 

1.003 

1.003 

1.002 

1.020 

1.016 

l.OK! 

70°C 

The sol was 
cooled back to 

1.097 

1.095 

1.095 

1.039 

1.037 

1.0.37 

1.030 

1.030 

1.030 

30°C 

1.042 

1.041 

1.038 

1.021 

1.021 

1.020 

1.006 

1.006 

1.006 
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Conductivity in inverse ohms. 

Sol BlI— Sol BII Sol BII/3 Sol BII/6 

30T 8.863x10-^ 3.550x10-4 2.025x10-4 

50°C 1 . 250 X 10-3 5 . 933 X 10-4 2 . 909 x 10 4 

70°C 1.948x10-3 9.532x10-4 4.429x10-4 

The sol was cool- 
ed back to 30°C 9.024x10-4. 3.972xl0'4 2.514x10-4 

Sol BUI — ^After 8 days dialysis. The sol yielded gels with electrolytes on 
coagulation 
Composition : 

Fe^Og — 0.007889 gm. moles per litre. 

SiOg — 0.06300 gm. moles per litre. 

Cl — 0.024828 gm. atoms per litre. 

Therefore it contained FogOg and SiOg in the ratio 1:7.98. 



Bates 

of flow {nshw) 


Teiripcriitui'c 

Sol Bill 

Sol BIII/3 

Sol BIII/6 


15 30 60 

15 30 60 

15 30 60 . 


cms. cms. cms. 

cms. cms. cms. 

cms. cms. cms. 

3()°0 

2.906 2.495 2.262 

1.408 1.319 1.265 

1.147 1.046 1.145 

r)0°c 

Gel set in 30 minutes. 

7.406 2.642 

1.542 1.365 1.230 

70°C 


Gel set in 30 minutes. 

Irregular flow due to 
precipitation. 


Electrical conductivity in inverse ohms. 


Temperature 

Sol Bill 

Sol BIII/3 . 

Sol BIII/6 

30°C 

8.015 xlO-s 

3.905x10-5 

2.416x10-5 

50°C 

1.198x10-4 

5.946x10-5 

3.879x10-5 

70°C 

1.751x10-4 

9.221x10-5 

5.192x10-5 

The sol was cooled 



back to 30°C 

9.441x10-5 

5.266x10-5 

3.281 xlO-5 

Sol OJ— before 

dialysis 




The sol did not coagulate with electrolyte solutions. 
Composition : 

FegOa — 0.012456 gm. moles per lirre. 

SiOg — 0.10652 gm. moles per litre. 

Cl — ^0.11722 gm. atoms per litre. 

Tnerefore it contained FegOa and SiO^ in the ratio of 1:8.545 
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Rates of flow, (ijj/r]^) 


Temperature 


Sol Cl 

Sol CI/3 

Sol CI/6 


15 

30 60 

15 30 60 

15 . 30 60 


cms. 

oms. cms. 

eras. cms. cms. 

eims. eras. cms. 

30"C 

1.078 

1.078 1.075 

1.050 1.044 1.033 

r.024 1.023 1.020 

50'=C 

1.113 

1.113 1.112 

1.036 1.035 1.033 

1.009 1.007 1.007 

70"C 

The sol was cooled 

1.255 

1.253 1.251 

1.247 1.247 1.245 

1.096 1.095 1.094 

back to 30" C 

1.078 

1.078 1.075 1.050 1.044 1.033 

Conductivity in inver.se ohms. 

1.024 1.023 1.020 

Temperature 


Sol Cl 

Sol CI/3 

Sol CI/6 

30"C 


1.284x10 2 

4.699x10-3 

2.412x10-3 

50"C 


1.760x10-2 

6.305x10-3 

3.467x10 3 

70°C 

The sol was cooled 


2.346x10-2 

9.458x10-3 

4.444x10-3 

back to 30"C 


1.301x10-2 

4.732x10-3 

2.501x10-3 

Sol C//-^Saihple 

taken 

after 11 days 

dialysis. 


The Sol was seen to coagulate with oleetrolyTjos. 

Composition : 

Fe^Oa— 0.01084 gm. moles per litre. 

SiOg —0.09656 gm. moles per litre. 

Cl -0.01724 gm. moles per litre. 

Therefore it contasned FeoOg and Si02 ratio of 1:8.1)06 


Rates of flow (oslv^w) 


Temperature . 



Sol CII 


Sol CII/3 


Sol Cl 1/6 




15 

30 60 


15 

30 60 

1 5 

30 

()0 


cms. 

cms. cms. 

cms. 

cms. eras. 

cm.s. 

(■■m,s. 

(un.s. 

30°C 

1 

.740 

1.738 1.730 

1 

.227 

1.227 1.221 

1.097 

i .096 

1.092 

50"C 

1 

.669 

1.669 1.668 

1, 

.211 

1.214 1.213 

1.096 

1.096 

1 .094 

70"C 

The sol was 

1. 

.672 

1.625 1.624 

1. 

250 

1.248 1.2-14 

1 . 153 

1.151 

1.150 

cooled back 










to 30"C 

1 

.740 

1.738 1.730 

1. 

,227 

1.227 1.221 

1.097 

1.096 

1.092 

Temperature 

30"C 



Conductivity 

in inverse ohms 






Sol CII 
6.210x10 5 



Sol CII/3 
2.382x10 3 


Sed CII/' 
1.491 X 1(1 

6 

1-3 

50°C 



1.134x10-4 



4.099x10-3 


3.624x11 

1-5 

70"G 



1.781x10-4 



6.619x10-3 


4.508x10 

1-6 
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The sol was cooled 

backto30°C 9.301 xlO-^ 5.008 xlO-^ 2.489x10-^ 

Sol GUI — -Sample taken after 20 days dialysis. 

The sol yielded gels on suitable coagulation. 

Composition : 

FCaOg — 0.00674 gm. moles per litre. 

Si 02 *~ 0.0661 2 gm. moles per litre. 

Cl — 0.01724 gm. atoms per litre. 

Therefore it contained FcgOg and Si02 1:9.809 


Rates of flow (rjj/ipt) 


Temperature 

Sol cm 


Sol CIII/3 

Sol CIII/6 


15 30 

60 

15 30 60 

15 30 60 


cms. cms. 

cms. 

cms. cms. cms. 

cms. ' cms. cms. 

Z0°C 

2.173 1.874 

1.742 

1.369 1.268 1.212 

1.109 1.109 1.092 

50°C 

2.035 1.770 

1.682 

1.332 1.273 1.271 

1.092 1.092 1.092 

70°C 

1.774 1.666 

1.612 

1.539 1.485 1.442 

1.1.53 1.153 1.1.50 

The sol was 
back to 30°C 

cooled 

3.42 2.428 

1.507 

1.276 1.212 l.lJl 

1.109 1.109 1.092 

Temperature 

Conductivity in inverse ohms. 

Sol cm Sol cin/3 

Sol CIII/6 

30°C 

4. 161 _x 10-5 


1 . 174 X 10-5 

7.392x10-5 

50°0 

5.170x10-5 


1.844x10-5 

1.194x10-5 

70“C 

8.919x10-5 


. 3.3.57x10-5 

2.568x10-5 

The sol was cooled 
] lack to 30°C 5. 741x10- 


2.159x10 5 

1.190x10-5 


A perusal of the viscosity and electrical conductivity results reveals 
that warming of the sol leads to an increase in viscosity in cases of con- 
centrated sols, while the reverse is true for the dilute samples, as a decrease 
is observed there. The conductivity is seen to increase in all cases 
with the rise of temperature, the rise is seen to be much more than what 
can be computed from the change of mobility of the ions of the electro- 
lytic impurities present in the sol at high temperatures. This is more 
marked in the case of dilute samples. When the temperature is brought 
back again to 3o°C after heating upto ~/o°C, it is seen that the viscosity 
values return practically, to their original values, in other words, the 
viscosity effect is reversible in case of impure samples, while in case 
of electrical conductivity the increase observed by heating is more 
or less permanent. 

F. 4 
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Considering the above effects with purity it is to be noted that with 
purer sols- (sol AIII, B III, and C III) the viscosity effects are similar with 
rise in temperature. The changes in electrical conductivity are also pro- 
minent than those observed in the case of impure sols. Purer samples 
show also an increase in the structural flow enormously by heating so 
much so that the whole volume congeals to gel form when kept, at suitable 
temperatures. 

The effect of temperature over the sol can be attributed on the 
property of the colloid particle of giving the adsorbed electrolyte which 
stabilises the sol in the adsorbed condition. The electrolyte given out by 
heating renders the sol less stable, more viscous and more conductinen 

■ " O 

The general belief of colloid chemists (4) has been that a high, visc(,)sity of 
the sol is essentially connected with high hydration of the colloid particle. 
In this case, the colloid particles seem to loose their adsorptive capacity, 
thereby, resulting a release of the stabilising ions at a higher temperatures 
as will be evinced from the electrical conductivity measurements. However, 
it is not possible to understand how a colloid particle which loses the 
adsorptive capacity at higher temperatures, is hydrated to a greater extent 
than a colloid particle which has a high adsorptive power and is less 
hydrated at a lower temperature. In our opinion the release of adsorlied 
electrolyte ions decreases the charge of the colloid and thus the structure 
formation is facilitated which is shown by the increase in the relative 
viscosity data and remarkable varition of this coeflicicnt with different 
shearing forces. An increment in the structure of the sol due to tlris 

efect-may be so high as to congeal it to a gel condition without the 
any eleettolyte. 

Thus, the results presented here in this paper as pointed earlier 
show the fact that the viscosity increases when the temperature is increased 
aaditrepeats its , value more or less in case of impure sols specially when ' 
the measurements are^ done after warming the sol and then cooling l^ack 
to the original, temperature. In the case of purer, samples, however 
the viscosity value IS not seen to be repeatable by cooling as an incremcm 
in the value occures by warming. It appears, therefore, that the viscosity 
,eing a property mostly dependant on. the particle size and their structural 
arrangement is seen to repeat its value when the sol is very impure as 
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tile presence of the peptising ion is in abdunce and thereby it provides 
very little opportunity for the increment in the viscosity 'value. As the 
sols grow pure Ahe colloid particles get the facility of structure forma- 
tion. The heating of the sol, as has been pointed out earlier makes the 
colloid particles to lose their adsorptive capacity for ions and the release 
of electrolyte ions takes place by heating which further makes it unstable 
and thereby provides more opportunity for the structure formation which 
may be shown by the increment of the viscosity. The impure sfamples 
developing more or less no structure, thus show the repetition in the 
viscosity value after cooling from a higher temperature to the original 
one, whilst the pure samples develop the, structure by rise of temperature 
which may not so easily be broken by cooling and hence a permanant 
increase is seen in the value. 

Our results of the measurements of the electrical conductivity of the 
sols at higher temperature also seem to support the view of the release 
of the electrolyte impurity by increase in temperature. The conductivity 
values are not repeatable when the sol is brought back to the original 
temperature after heating. This can be accounted for the colloid particles 
may not regain their adsorptive capacity completely because of ageing 
effect which is enhanced by warming of the sol. Thus the electrical 
conductivity being mainly dependant over the number of ions and 
their mobility shows an increment in the value by warming. The view 
is also supported from the observation in case of purer samples to a more 
marked degree. In purer samples as the amount of impurity present is 
considerably low the electrolyte ion contributed from the release from the 
colloid particles become very significant and hence the effect is seen to 
be more marked than from the cases of impure samples (Sol AI etc.) 

The results here show that the effect is much more pronounced for 
diluted samples than for the concentrated ones. The adsorbed ions are 
more easily given out in dilute samples than the concentrated ones as also 
in dialysis, the presence of excess of water removes the impurities. 
Dilution as for as the release of the electrolyte is concerned has got the 
similar influence over the sol as warming. 

The view of Kistler (5) about the origin of hydration on the surface 
of the colloid particle due to the existence of cybotactic complexes in 
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liquids and the postulation of the cause of the stability of the hydration 
irrespective of the electric charge over them cannot account for the 
high viscosity of the sols of iron silicates at higher temperatures as from 
the above view at higher temperatures the existence of such complexes 
is less. Further this theory cannot, thus, explain many behaviour of 
colloids as Kistler himself admits that this cannot be as the main cause of 
the different observed phenomenon with such colloids. 
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ADSORPTION OF BASIC DYES BY COLLOIDAL ROSIN. 

PART L 

By S. P. Mitra. 

(Sheila Dhar Institute of Soil Science, University of Allahabad.) 

That certain dyestuffs are adsorbed by materials such as starch 
kaolin, talc, pumic stone, kiselguhr etc. have been known for a consi- 
derable time and the adsorbing properties of these substances have been 
studied by Suida^ and Dreaper^. Kaolin in particular is one of the best 
adsorbing agents and its use for the separation of dyestuffs especially 
when occuring in foodstuffs has been investigated by Chapman and Sied- 
bold^. Jamieson and Keyworth^ and Esters® have also studied the ad- 
sorption of dyes by kaolin with reference to foodstuffs. As no work 
has been done on the adsorption of dyes by colloidal rosin, these inves- 
tigations were undertaken in order to find ultimately some industrial 
use for the ^reat adsorptive power of rosin for basic dyes which was first 
observed by the author. 

Experimental 

2 c. Q. of colloidal rosin (7.76 grams of rosin per litre) was taken 
in each of a number of test tubes and varying amounts of dye solutions 
and distilled water was added to make the .total volume 16 c.c. in each 
case. The amount of dye solutions added in every case was greater than 
the amount required for complete coagulation but was less than the 
amount required for charge reversal. The whole was shaken and was 
allowed to stand for one hour after which each was filtered through 
a very small filter paper in order that there might be as little loss of dye 
from solution as possible due to adsorption by filter paper. The con- 
centration of the dye in the filtrate was determined colorimetrically by 
comparing them with solutions of known strength. 'By knowing- the 
amount of dye originally present and determining the equiUbrium con- 
centration after adsorption, the actual amount of dye adsorbed by the 
rosin was calculated. 
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In order to test if the adsorption of dyes by rosin sols obey tlie 
Freundlich’s Adsorption Isotherm 



m 


the values of log C were plotted against log x/ni but straight lines were 
not obtained which proves that the adsorption does not obey the Fre- 
undlich’s adsorption isotherm. The values of ‘x/m’ (amount of dye ad- 
sorbed expressed in millimoles per gram of rosin) was tabulated against 
‘C (concentration of the dye in equilibrium in millimoles per litre) in 
tables I to VIII and they have been graphically represented in figures 
I and II. 

- Discussion 

• It was- observed in most of the cases that when the values of x/m 
were plotted against ‘G’, smooth curves showing that there is an increase ’ 
in adsorption of the dye by rosin with increasing concentration of the 
dye' solution was obtained. But very peculiar curve was obtained for the 
adsorption of Fuchsine by rosin. In this case the amount of adsorption 
of the dye by rosin increases with concentration of the dye upto a certain 
limiting concentration' beyond which the adsorption of tlic dye by rosin 
decreases. Results of the same type were obtained by Biltz and Steiner** 
for -the adsorption of Night Blue and Victoria Blue by cotton, Frcundlich'^ 
for the adsorption of strychnine salts by charcoal or arsenious sulphide 
and- by Dreyer and*Sholto® for the adsorption of agglutin by bacteria.- 
In all these cases less substance was taken up by the adsorbent from a 
concentrated solution than from those of medium concentration. 

It was observed that basic dyes adsorbed by colloidal rosin could 
not be -washed out easily. This leads to the conclusion that the takirig 
up of basic dyes by colloidal rosin is not guided simply by physical foces 
of adsorption. Further it has been found that basic dyes arc adsorbed 
more by rosin than acidic dyes. This leads to the conclusion that chemical 
reaction occurs ' at the surface of rosin during the taking up of 
dyestuffs. Moreover the fact that Freundlich’s adsorption isotherm is 
nbt obeyed for the '. adsorption of dyestuffs by rosin lends support to 
this postulate. ' 






ADSORPTION OF BASIC DYES 
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G 

(MiIUmoles/1 itre ) 
0.0005021 
0.0013:160 
0.0018260 
0.-0028220 
0.0045100 


(Millimoles/litre) 

0.0001016 

0.0002720 

0.0004810 

0.0009294 


G 

(Millimoles /litre ) 
0.0004072 
0.0006726 
0.0013040 
0.0028420 


C 

(Millimoles /litre ) 
0.0001876 
0.0004028 
0.0007296 
0.0015180 


0 

(Millimoles/litre ) 
0.0005824 
0.0009978 
0.0015720 
0.0035120 


Table I 
Methyl Violet 


Table, II 
Crystal Volet 


Table III 
Victoria Blue 


Table IV 
Malachite Green 


Table V 
Vuchsine 


x/m 

(Millimoles/gram of rosin) 
0.03036 
0.07162 
0. Q 8616 
0.10380 
0.11220 


x/m 

(Millimolcs/gram of rosin) 
0.03008 
0. 06024 
0.08496 
0.15120 


x/m 

(Millimole.s/gram of rosin) 
0.04516 
0.07536 
0.11520 
0.16710 


x/m 

(Millimoles/gram of rosin) 
; 0.04028 
0.080:15 
0.12070 
0.16420 


x/m 

(Millimoles /gram of ro.siu ) 
0.03514 
0.06017 
0.079,86 
0.09602 
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Tablh VI 


a 

■ (MiHiinoley/litrc)' • 
0.0004354 

O.O02331O 

OvOOiOOTO 


c 

(MillinioTes/litre) 
■ (J:0004722 
O.Q006828 
0,0016680 
0.6031690 


Q. . 

(Millimoles/litrc) 
0. 00043 J 6 


.Geiltiaiie A^olet 


Table VII 
Glirysoidine 


Table Vlli: 
Bi.smarck Br.QWJi 


xfm 

(Milli\ivu)kss gram of' rosin) 
0.05004 
■ 0;01)500 
0.13200 
0;15320 


xjm 

{ M i 1 1 i m ( )les /g]*a :n i < vf r os i n ) 
0.03506 
0.04497 
0.05613 
0.06211 


xjm 

(Millimolcs/grain (vf rosin) 


0.03497 


0,0009228 
0.0020420 
0.0033040 
o'. 0046770 


0.06319 
0.09610 
0,1 1720 
0.1 2090 


This fact can be explained by a postulation similar to that of T'reu- 
ndlich and Losev® that the base suffers a change, probably into an iso- 
meric modification and becomes insoluble in water. Hant^sch'® has 
shown that such transitions also occur when solutions of crystal violet 
are treated with alkalies. 
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' When equimolecular solutions of crystal violet and potassium 
hydtoxide are mixed, the chlorine ion is replaced by hydroxyl ion and a 
true soluble base is obtained. 



Soluble Base 


This base like the dyestuft is coloured, shows a basic reaction and is 
therefore dissociated in solution. Gradually the solution becomes colo- 
urless, does not react basic and contains the ordinary dyestuff base (Pse- 
udo base) or carbinol. 



Pseudo Base 

During adsorption something else also occurs. The adsorbed 
dyestuff has" the same colour as the solution which can be ascribed to a 
salt formation by the union of dyestuff with rosin. Such a salt formation 
is not improbable because rosin contains a number of isomeric acids 
whose general formula is CigH^^COOH the carboxyl group of which 
might unite with the dyestuff base. 

Appleyard and Walker^ have given interesting example of differen- 
ces in quantitative relations between the adsorption of dyes by fibres 
on the one hand, a chemical union of the dye with the crystalloid on 
the other. Freundiich and Losev^^ have studied the adsorption of basic 
and acidic dyes by charcoal and found that the adsorption of basic dyes- 
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tuffs differ from that of the acidic ones. In case of basic dyes, chetnical 
action as well as, adsorption take place and substances with entirely diff- 
erent properties are formed at the surface of charcoal by chemical reac- 
tion. 

It is also quite probable that the flocculation of rosin sol acts as a 
disturbing factor in the adsorption of dyes by rosin. Cameron and 1. atten 
finds that the distribution of gentiane violet between soils and water 
can be represented fairly well by exponential formulas, but that floccu- 
lation of the adsorbing medium is apparently a disturbing factor. That 
flocculation actually takes place had been shown by Pattcifl'^ in a special 
set of experiments on quartz flour and dyes. ' 

It was also observed that very finely powdered rosiit was capable 
of adsorbing the basic dyes. But on comparing the adsorption obtained 
with the sol and with powdered rosin, it was found that in general the 
adsorption of dyes are greater with the sol than with the powder. This 
is, as is expected and the difference is mainly due to the ion necessary 
to neutralize the charge on the sol. Further it has already been shown 
by the author^® that greater the coagulating power of the basic dyes for 
the rosin sol, the less is the actual amount of adsorption by the rosin. 

The chemistry of adsorption is not simple for the chemical surface 
of the colloids is not exactly known. Since, for example, according to 
Freundlich, the surfaces of the particles in a sulphur sol prepared by the 
method of Oden consist of a polythionic acid, so may we also expect 
that other simple or even elementary colloids should exhibit a complex 
condition at their surface. 
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RADIAL PULSATIONS OF THE TWO STELLAR MODELS 
. . . By L. D. Chatterji 

Department oj Mathematics, Allahabad University 
Received on July 30, 1951 
Summary 

[Radial oscillations of the two stellar models in which tlic density 
is proportional to (i) i-r/R and (2) i-r^/RA respectively, Itave been 
considered. A method as developed by Ledoux and Pekeris using 
Rayleigh’s principle has been applied to find the periods of (he funda- 
mental mode of oscillation for both the models. It is lound lliat the 
method gives in the first case a lower value for the fundameittai period, 
while in the second case better result for the fundamental period is 
obtained. The period and amplitude of oscillation for the first model 
is also found out.] 

The investigation of various stellar models with difl'erent density 
distribution were studied by EddingtonA Sterne®, and others. As it 
is of interest to consider the law of density in such, a way that it vanishes 
at the surface of the star and with no central singularity, the following 
laws of density have been considered for the two stellar models : 

(1) p=p^.{i-r/K).. 

( 2 ) p=p^ (i-r2/R2). 

where p is the density at any point r, p, is the central density, and R is 
the radius of the star. 

In order to find the period and amplitude of oscillation for these 
two models we have followed the general method given by 1 .cdoux'* and 
Pekeris who applied Rayleigh’s principle to derive approximate values 
•for the fundamental period of radial oscillation of a non-rotating star, as 
their results show that quite good approximations to the period could 
be obtained by assuming simple formulae for the displacement during 
the oseillation. 
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. Thu. differential equation for small radial oscillation, .as, given by 
Eddington^ is . . ; 

dr^ r dr \ yF ^ ' . ’ ’ ' ^ 

8 ^" 

wliere f is the amplitude of displacement — , g, p, P being respectively 
the undisturbed values of gravity, density, and pressure at a ■ distance 
r from the centre, and a=,3 - 4/y, y being the. ratio; of specific 


heats, a— — where t is the period of pnlsation. We shall change 

the equation (i) to a convenient form by multiplying with y Pr, and 
we get, . 


+( 4 X+ r 




t = o 


(^) 


1 7-, - \ • 1 • • j iP G»(r) 

where y— y P, m (r) is the mass interior to r, and = ~ 72“ p- Again 
multiplying equation (2) by r^ it can be put in the self-adjoint form 




0 -/^ p-\- 4 Gm(r)rp + 3 


dl 


dr 




The -boundary conditions 


= o at ;‘=o. 


fiP= - YP(3|+^^j = oatr = R, 


a :. ( 3 ) 


■ ( 4 ) 


are met if I is regular in the range of integration. : ' 

Equation ( 3) is the Eulerian equation of the variational problem 
of minimizing the integral 

R 






dr. 


* . ( 5 ') 


The conditions of this free variational problem are 

2y/'4^'=;o at /• = o and at r = R, both of which are satisfied by equa- 
tions (4). The minimum value of this integral is where 


I'yPr'i^'^ dr + f (3Y-4) WO' dr 

ao'-^^niin s__ ^ ^ 

jl^prUr ■ 


• ( 6 ) 
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These ate the same equations as have been obtained by Ledoux-’ and 
Pekeris. 

Now we consider the two cases. 


Case I. 

P=PcC-r‘R) 

Changing to independent variable 

X = r/R„ 

and with the law of density given by (7) we have 


(7) 


» (r) = (4-3X) R3 X*, 

5 

S (4-3X) Rx, 

P = l5-24x''i + 28.v<-9x^}, 

_ i 2x~^ (4 — 3 x) 

^ ~ (i -x) (5+iox_ 9X“)' 


and.^= - 

P nGpc(i - x) (5 + 1 ox - 9x“) ■ 


(«) 


Substituting these values in equation (i) we get the difl'erential equation 

x(i-x) (5 + iox-9xq 2^2 +(20 + 20 x - 124X^-1-72x3) .0, (9) 


where F = 

nGpey 


(10) 


Equation (9) has regular singularities at the origin, and atx~i. The 
roots of the indicial equation are o and -3, we retain only the former 
value to avoid . singularity at the centre. Assuming a solution in series 


5=2 
k = 0 ' 

we find rhe various coefficients as follows : 

I’l = o, 

50 ^2 + (F— 48a) ^0 — ° ; 

.90 ^3 -1- 50 -f 36a ^9 = o, 

140 T 9 ? ^3 — {286 — (F — 4801)} h .^ — o, 

200 bs + 140 b ^ - {486-(F-48a)} b ^ + (i62+36a) ^2=0, , , . (u) 

5 (»^+5«+4)^„+i+(5«^+i5«) ^«-{i9«“+67«-86-(F-48a)}f'„_i 

+ (9»3+27«_9o-F36a)} /2„_2 =o .... ( 12 ) 

where « is a positive integer. 
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We shall find the period for the fundamental mode by minimizing 
the integral given by equation (5) and applying Ritz method to obtain 
higher approximations for the fundamental period. Assume 

? =«0 + ^lT+tf.2 rih . . • • • ■ • (13) 

where x = r/R 

substituting equations (7), (8), and (15) in equation (5), we get 


I 

J (5 —• 24x2'h28x^ — 9 ^^) (^7j^+2^2 *^0^ 


-f {i2a x'* (4~7 x+ 3X^) - ^ (i-x) x^} (2i^-\-a-^x-\ a^^x'^y]clx , . (14) 

where a =3 — 4/y, 

and jS= = F 

the coeflicients are determined by the three equations of the form 


27 


da 


7 0,7 = o, I, 2 . 


and so we have ' 


26a ^ ^ ^ 
35 30 ^ 


^0 + 


I 2a ■ 


42 




i+5a 

14 

4 + 1 2a 
45 


/ I36+Z38a _J_\ ^ 

I 1155 90 / 


1 

72 


+ 


o. 


(15) 


The first approximation for the fundamental mode of vibration 
corresponds to f = constant, and we get jS = 13-57, for y = | 

The second approximation will consist in taking ^=4 do ri-.q .v, a 
quadratic equation of the second-degree is obtained in the smaller 
root gives the second approximation. The third approximation corres- 
ponds to ^—aQ+a-iX+a^x^, a cubic equation in ^ is obtained, and this 
cubic equation has been solved approximately by Horner’s method. 

The value of F is given in the tabular form for ^=5/3. ' . , . . 

F. 6 
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Table I. 


a 

Fundamental Mode of Vibration 


First App. 

Second Apj). 

Third App. 

0.6 

13.37 

13.23 

13.21 


If we substitute this value of F in equations (ii) we find that the 
values of all the coefficients go on increasing without limit, so the series 
obtained for these values of the coefficients will be a divergent one. Thus 
recourse had to be taken to other method of finding the value of F such 
that we may get a convergent series. Though no method has yet come 
out to solve a difference equation with four coefficients as equation (12), 
so we tried by successive trials to find out F such that the coefiicients in 
equation (ii) may go on decreasing. Curiously enough it was not much 
difficult to find such a vlaue of F for equation (12). We have found 
that for F--35. 57617, the coefficients in equation (n) go on decreasing 
after some fixed term. The series obtained with these values of 
coefficients in terms of is as follow : 

i = {i--i35 5 23x2--i64709x3--i644iox'*--i55i65.\i5--i43c;i3.v« 

-•I33I4Ix’--I236o6.v8_-ii 5 5 3 5x'''-'io86i7x'“ } . . ( 16 ) 

The value of F obtained by applying Rayleigh’s principle for this 
model is appreciably low. It is obtained due to the sensitivity of the 
method to slight numerical errors. We come to the same conclusion for 
this model, as have been drawn by Cowling and Newing that ‘ an over- 
elaborate use of Rayleigh’s principle was prone to give misleading results’. 

But quite contrary to this has been obtained for the second model, 
where applying Rayleigh’s principle, the value of F gives quite good 
approximations as will be seen later. The value of F for the first model 
P=Pc which is 35-57617 gives a convergent series (equation 16) 

with all the terms negative except the first. So it is difficult to say 
anything precisely at this stage about the stability of this particular model. 
We need further investigation before giving any verdict about the 
stability of this particular model. 
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Case II. 

P=Pc(i-^W (17) 

Radial oscillations of this model has already been considered by 
Chandrika Prasad^, who has found out the solutions for the periods and 
amplitudes of the fundamental and higher modes by a method used by 
Kelvin and Darwin for tides on a rotating globe. Our results obtained 
for the period and amplitude of the fundamental mode by Rayleigh’s 
principle are practically the same. 

With the law of density as given by the equation (17) we have 


,„(r) = :tP. 

a = 1 jtGp.(3-5^-)R-v. , 

^ 15 

P = i- (l- ’ .V2 + 2X«- .] X6) 

15 '2 

2X2 (3 -3X2) 

“ (r-x2)(2-.v2)’ 

, R^P 15 

ancl-p- - 

where . 

With these substitutions the equation (i) becomes 

x(i -x2)(2-x2) 0 - + (8 - 22.!c2+iox‘) J + {F- 2 a (5 " 


• (17a) 


• (18) 


where F= — 

ZTTpcy^ 

The equation (i8) has regular singularities at the origin, and at x=-i. We 
do not consider x = yr as it lies outside the star. 

■ The roots of the indicial equation are p and - 5 . To avoid singularity 

at the origin we must choose the former. Assuming a solution in series. 


p — ^ hkX^ 
k = o 

we find that the odd coeflicients vanish and the even coefficients are given 


by 


zob^ * 4 “ ^0 — 

56^4 — {50 — (F— loa)} ^2 + 6a 


. (20) 
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2 (2K+2) (2ff+5) (6«+I9) — (F— loa) } ^2 h 

+ {2 (2»+7) («— i)+6a}^2«-2 = o . . (21) 

-where ?/ is a positive integer. 

Now, we shall find the period the fundamental mode by minimizing 
the integral given by the equation (5), applying Ritz method for higher 
approximations. Assuming 

I = . . . . . (22) 

where x=r/R, and substituting (17), (17a), and (22) in equation (5) we get 

I 

/ = -^TiyGp/ R® I ( 2 - 52 f 2 + 4 X^- 2 <r«) ( 2 rfiX + 4^72X3)2 
o 

+ {2ax^(i-}x~) (i-x-)} . . (23) 

where a = 3 - 4 /y> and p = = F ..... (24) 

the three coefficients are determined by the three equations of the form 

dj 

the three equations are found to be 




136a ^ g 

693 63. ^ 


^ Ko + 


/ i 3 ^(X ^ 

V 693 ~ 63 

A ft L <( 1344+15 1 

1287 99 ^ j " 19305 


/ 608+10640 A o \ ^ , ( ^344+]5i2a 

[ 9009 99 ^ I 15 


9009 
1344+15 i2a 


19305 


)‘ 


743 ^ 


2 

14^ 




2 

195 


fi ^72 = 0 

• (25) 


As before, the first, second and third approximations are found 
out and they are given in the tabular form in Table II 


Table II. 


a 

Fundamental Mode of Vibration 

1 

First App. 

Second App. 

Tliird Apj). 

0.6 

1 

4.00000 

3 . 9780.3 

, 

.3.97547 
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Putting this value of F in equation (20) we get the values of all the 
coefficients, and the series is found to be 

^ = /ij Ji-|--ioi23x24-o9405X^H--o8569x®+-o7978>r®+-07524x'® + ..,} . , (26) 

Table III gives a comparison of the periods of this second model 
obtained by the application of Rayleigh’s principle, with that found by 
Chandrika Prasad using some other method, for y= 5/3. 

Table III 

Values of F for the modelp - pJ ^ ] 


a 

As found out by our 
method from third 
approx. 

As found out by 
Chandrika Prasad. 

0*6 

3.97547 

3.97756 


Thus in the second case we see that Rayleigh’s principle gives quite 
good approximations to the period of the fundamental mode. 

I wish to express my grateful thanks to Prof. A.C. Banerji for his 
keen interest in this paper. I am also indebted to Dr. P. L. Bhatnagar 
for his help and suggestions for improvement. 
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THE RELATIVE INFLUENCE OF SURFACE AND BACTERIAL 
OXIDATIONS IN THE FIXATION OF NITROGEN 


By N. R. Dhar, B. G. Chatterji, N. N. Pant & 

B. B. L. Saxena 

From a careful consideration of the experimental results obtained 
by different workers in this Laboratory it appears that the transforma- 
tions of organic substances, when mixed with -soil, are primarily surface 
and catalytic reactions accelerated by light absorption. The part playctl 
by micro-organisms is of a secondary nature. The following observations 
have been made by B. G. Chatterji 

250 gms. of soil+zifi gms. of cowdmg. (Unsterile) IJGHT. 


Date 

Total carbon in 
100 gins, of soil 
in gm. 

Total nitrogen 
in 100 gms. of 
soil in gm. 

Azotobact(‘i‘ 
count in million 
pergm. of dry 
soil 

Efficiency i.e., 
amount, of nii.rog<Hi 
lixed in mg ms. 
per gm. of 
(avrbon oxidized 

3-1-47. 

1.476 

0.0931 

2.5 


5-3^7. 

1.212 

0.0986 

18.0 

21 .0 

3-5-47. 

1.001 

0.1029 

39.0 

20.0 

Do. 

Do. 

Do. 

DAEK 

.5-1-47. 

1.460 

0.0924 

2.5 


0-3-47. 

1 .310 

0.0942 

72 

11.8 

5-5.47. 

1.181 

0.0956 

135 

10.0 

Do. 

Do. 

Do. (Stei 

die) LIGHT 

8-1-47. 

1.442 

0.0916 



10—3—47. 

1.277 

0.0941 


15.4 

9-5-47. 

1.1.39 

0.0962 


15.0 

Do. 

Do. 

Do. 

LAJIK 

10-1-47. 

1.460 

0,0924 



12-3-47. 

1.370 

0.0932 


8.8 

11-5-47. 

1.285 

0.0939 


8.2 


iz6 
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From the above observations it is evident that under unsterjle 
conditions, the carhon of cowdung decreases from 1.46 to i.i 8% in 
four months, i. e., a fall of 0.28% in dark whilst in light, the fall is from 
1.476 to 1.001%, i. e., 0.475%. Under sterile conditions, in the dark, 
the fail is, in the same period, from 1.460 to 1.285%, f ^-5 °-i75% 
in light it is from 1.442 to 1.139%, clear, therefore, 

that the oxidation of 0.175% carbon of cowdung under sterile conditions 
in the dark is certainly a surface aud catalytic oxidation, whilst in presence 
of all kinds of micro-organisms the total oxidation in the dark is 0.28%. 
If we subtract the first (0.175%) from the second (0.28%) we can obtain 
the effect of micro-organisms alone, i.e., 0.105%. other words, even 
in cowdung which is rich in micro-organisms the surface action is much 
greater than the micro-organic oxidation. To rule out the intricacies 
involved in the sets exposed to sunlight, we have here considered the 
sets of experiments performed in the dark only where surface, catalytic 
and micro-organic oxidation may be the only factors contributing towards 
total oxidation under unsterile conditions, while surface and catalytic 
oxidation shall contribute towards total oxidation under sterile con- 
ditions. 

Summarising the experimental results obtained with other energy 
materials, the following values regarding the relative influence of surface 
and microbial oxidations are obtained : — 


Go'wdtimj 

Neem Leaf 

Wheat Straw 

SANAI {smi hemp,) 

Siirfaco 

Microbl. 

Surface 

Microbl. 

Surface 

Mircobl. 

Surface 

Microbl. 

oxdtn. 

oxdtn. 

oxdtn. 

oxdtn. 

oxdtn. 

oxdtn. 

oxdtn. 

oxdtn. 

175 

105 

287 

55 

166 

151 

142 

78 

(a) 

165 

99 

521 

100 





135 

79 

271 

44 

148 

138 

134 

54 

(b) 

170 

100 

615 

100 





105 

63 

221 

27 





( 0 ) 

166 

JO!) 

819 

100 






All these results show, that the surface oxidation is more active than 
the microbiological action. The case of Neem (Melia Azadiractta Lina) 
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Leaf is quite interesting in that the microbiological action is exceedingly 
small in comparison with the surface oxidation. This is perhaps due 

to the bactericidal property of the Neem Leaf. 

N. N. Pant has recorded some interesting results on the oxidation 
of Inulin, Leaves, Cowdung, Molasses etc. in sterile and unsterile condi- 
tions. His results, when summarised m identical manner, are as follows 

In Dark 

Inidin Leaves Cowdung Molasses 


Surface 

oxdtn. 

Microbl 

oxdtn. 

Surface 

oxdtn. 

Microbl 

oxdtn. 

Surface 

oxdtn. 

Microbl 

oxdtn. 

Surface 

oxdtn. 

Microbl 

oxdtn. 

357 

52 

187 

34 

200 

45 

322 

80 

329 

54 

171 

14 

193 

44 

305 

S7 

373 

57 

209 

38 

217 

50 

338 

93 

288 

40 

122 

11 

1 i>\ 

35 

287 

70 


The foregoing results obtained by Pant show clearly that the sur- 
face oxidation is much greater than the microbiological oxidation not 
only with soils but with other surfaces as well. 

B. B. L. Saxena has studied the oxidation of difterent energy ma- 
terials like starch. Ghee (melted butter) and other sul:)stanccs using 
chemically pure substances like aluminium phosphate, chromium phos- 
phate, calcium phosphate, aluminium oxide, ferric oxide, nickel oxide 
etc. as surfaces in place of soil. His observations are as follows : — 
'Experiments with Calcium Phosphate-\-Starch 
Started on 24-7-47 I Analysed on 24-9-47 Period of Exposure 2 months 


Conditions. 

Total C. 

Total N. 

Total C. 

Total C. 

Gain. Total 

Efficieir 


in gm. 

in mgm. 

in gm. 

in gm. 

Nitrogen in 



(Initial) 

% 

(Initial) 

% 

(Unoxdsd.) 

% 

(Oxdsd.) 

mgm. % 



/o 

/o 

/o 

Sterile 

/o 



Exposed. 

1.0000 

Nil. 

0.7707 

0.2293 

5,8, 

25.0 

Covered. 

1,0000 


0.8900 

0.1100 

1.3.> 

1 1 .98 

Exposed. 

0.5000 

j ) 

0.3505 

0.1495 

4.;b, 

28.8 

Covered. 

0.5000 

)3 

0.4301 

0.0699 

0.9, 

14.08 
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Experiments ivith Calcium P ho sphate-\- Starch 


Started on 24-7-47 I Analysed on 24-9-47 Period of Exposure 

2 months. 




Unstbrilb 



Exposed. 

1,0000 

Nil. 

0.4972 

0.5028 

24.1, 

47.9 

Covered. 

1.0000 

55 

0.7624 

0.2376 

5.5, 

23.48 

Exposed. 

0.5000 

5 5 

0.1971 

0.3029 

16.4 

54.1 

Covered. 

0.5000 

35 

0.3778 

0.1222 

3.O2 

24.7 

Started on 

Experiments with Calcium Phosphate-\-Starch 
24-7-47 11 Analysed on 21-12-47 Period of Exposure (5 

months) 




Sterile 




Conditions 

Total C. 

ill gm. 
(Initial) 

% 

Total N. 
in nigm. 
(Initial) 

0 / 

/o 

Total C, Total C, 
in gm. ingm. 

(Unoxdsd.) (Oxdsd.) 
0 / 0 / 

/o /o 

Gain Total 
Nitrogen in 
mg in. ‘K, 

Efficieney 

Exposed. 

1.0000 

Nil. 

0.5218 

0.4782 

13.0 

27.1 

Covered. 

1.0000 

3 3 

0.7500 

0.2500 

3.3 

13.2 

Exposed. 

0.5000 

53 

0.2312 

0.2688 

9.0 

33.4 

Covered. 

0,5000 

5 3 

0.3e578 

0.1422 

2.5 

17.5 

Experiments with 
Started on 24-7-47 11 Analysed 

Calcium Phosphate + Sta rch 
on 21-12-47 Period of Expos/rre (5 months) 



Unsterile 




Exposed. 

1.0000 

53 

0.4000 

0.6000 

25.0 

41 .6 

Covered. 

1.0000 

3 5 

0.6625 

0.3375 

0-«8 

20.4 

Exposed. 

0.5000 

35 

0.1500 

0.3500 

16.8 

48.0 

Covered. 

0.5000 

35 

0.3046 

0.1954 

4.0 

20.4 
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From the foregoing results it is evident that the bacterial oxidation 
is much less than the surface oxidation. Besides these experiments, 
a large number of experiments have been performed with different energy- 
materials using other chemically pure substances as surface which strongly 
support the view that surface plays a much more important role than 
the micro-organisms in the process of oxidation of energy materials, even 
in the dark. 

Summarising the results of this type of experiments, the following 
relative values have been obtained : — 


In Dark 


Surface oxidation Microbial oxidation 



168.4 


110 


124 


54 


200 


55 


118 


25 


210 


143 


151 


71 


250 


()().() 


147 


30.6 

Starch. 

(Aluminium Plioaphatc as Surface) 


108 


68 


162 


78 


144 


76 


213 


105 

Starch. 

(Chromium Phosphate as 

Surface^) 


79.5 


41 .5 


141 


63 


110 


56 


200 


73 

Starch, 

. (Calcium Phosphate as 

Surface) 

Surface oxidation. 

Microbial 

oxidation 


70 


52 


250 


87 


142 


52 

Starch. 

(Nickel oxide 

as Surfaiic) 



140 

14 


_ _ 88.5 


17.5 



In DARK. 
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Starch, 

(Iron oxide as Surface) 






138 

52 





93.2 

48 




Starch. 

(Zinc oxide as Surface) 






135 

60 





81 

44 




Starch. 

(Aluminium oxide as Surface) 





95.5 

49 





150 

53 




Glucose. 

(Soil as Surface) 



Amount of Surface 




5 

gms. 


128 

37 


1 

53 


111 

52 




Glucose, 

(Zinc oxide as Surface) 



50 

55 


160 

30 


5 

55 


101 

28 


1 

3 5 


88 

28 




Glucose. 

(Aluminium oxide as Surface) 


50 

55 


132 

26 


5 

55 


90 

24 


1 

55 


86 

20 




Glucose. 

(Iron oxide as Surface) 



50 

5 5 


143 

23 


5 

55 


93 

26 


1 

55 


86 

22 




Glucose. 

(Nickel oxide as Surface) 



50 

5 5 


. 144 

29 


5 

55 


97 

22 


1 

55 


82 

30 




Glucose. 

(Calcium Sulpliate as Surface) 


50 

5} 


116 

50 


5 

115 


84 

38 


1 

5 5 


76 

39 




Glucose. 

(Barium Sulphate as Surface) 


50 

55 


114 

50 


5 

55 


79 

42 


1 

55 


78 

44 
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Glycerol, (Cliromiiim Phospliatc as Surface) 
xAmoimt of Surface Surface oxidation Microbial oxidation 
oO gms. 143 40 


5 


113 


23 

i ” 


103 


22 


Glycerol. 

(Iron PhoRpliate as Surface) 

50 


158 


45 

5 ” 


120 


33 

1 ’’ 


117 


31 

“A }.i 

Glycerol. 

(Aluminium Phosjiluite 

1 

as Surface 

5 ” 


1 

129 


44 

27 

1 ” 


117 


23 


Glycerol. 

(Calcium 

Plios])liaie as 

Surface) 

50 ” 


104 


40 

5 ’’ 


125 


41 

1 ” 


111 


3() 


Glycerol. 

(Titan i a 

as Surface) 


)U 

5 ” 


1 /cS 

107 


33 

40 

1 ’■ 


94 


41 


A careful study of the foregoing results brings out the marked 
significance of surface in oxidation reactions. In almost all these results 
the surface oxidation is much greater than the microbial oxidation. 
Another interesting point of considerable importance is brought out by 
these experiments that as the amount of surface is increased,^-!^ values 
for surface oxidation are markedly increased, keeping the microbial 
oxidation values more or less the same. For instance, when zinc oxide 
is used as a surface and glucose as energy material, the ratio of surface 
oxidation : microbial oxidation is i6o : 30 when 50 gms. of the surface 
have been introduced, whilst the same ratio goes down to 88 : 28 when 
only I gm. of the surface is used. Thus, iFe surface oxidation shoots 
up from 88 to 160 as the amount of surface is increased from i gm. to 
50 gms., but there is no such effect on the microbial oxidation in which 
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case the values keep more or less constant, being 28 with i gm. of surface 
and only 30 even when the amount of surface is increased to 50 gms. 
Similar results have been obtained when with iron oxide as surface and 
the same energy material the ratios are 143 : 23 and 86 : 22 with 50 gms. 
and I gm. as surface respectively. Or, in the case of nickel oxide the 
ratios are 144 : 29 and 82 : 30 when the amount of surface has been 
raised from i gm. to 50 gms. 

In recent years Dr. Jensen, Dr. Stockli and others have expressed 
the opinion that Azotobacter does not play a big role in increasing the 
nitrogen status of soils in cold countries. Professor Lemoigne of Paris 
is of the opinion that Azotobacter is of no help in improving the soil 
nitrogen in France. These views are in direct support of the conclusion 
drawn above in connection with experiments carried out by us. If 
bacterial action is not as prominent as surface reaction, then thdr existence 
or non-existence should not materially affect the nitrogen status of the 
soil and the oxidisability of the organic compound added to the soil. 
It appears that the microbiological action is vigorous either in culture 
media containing easily decomposable energy materials or in sewage or 
in fermentation reactions. On the other hand, if the energy materials 
to be utilized by the bacteria and the bacterial population are diluted or 
mixed up with large quantities of inert and difficultly soluble materials 
like sand, soil, iron oxide, zinc oxide, nickel oxide, calcium sulphate, 
barium sulphate etc. the intensity of the bacterial action decreases. In 
most experiments for the isolation or detection of bacteria the conditions 
are rendered suitable for their rapid multiplication by supplying energy 
materials for their growth and activity and mineral food requirements. 
This is why Azotobacter or Clostridia have been found to multiply and 
fix nitrogen in tubes or flasks. But under natural conditions, in soil or 
sand, the amount of nitrogen fixed by additions of energy materials has 
not been determined in cold countries. 

Sir John Russell and Profesor Waksman are of the opinion that the 
non-symbiotic bacteria are of small use in increasing the nitrogen status 
when energy materials are added to the soil in cold countries. On the 
other hand, the fixation of nitrogen by symbiosis of plants like lucerne, 
clover, sunhemp, peas etc. and rhizobium takes place in a compact condi- 
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tjon in the toot nodules of the plants. The bacterial food is produced 
by the plants chiefly as carbohydrates which pass through tlie stem into 
the nodules where they come in contact with the bacteria and fix atmos- 
pheric nitrogen. In culture experiments in flasks containing energy 
materials hke glucose, mannitol etc. and minerals like lime, potash, iron 
and phosphate etc. the system is very compact and the energy materials 
are readily available to the bacteria in a state of solution. On the other 
hand, even if lo tons of molasses are added per acre of land, it is diluted 
with 99% of its weight of the inert silicates, iron oxide, moisture etc. 
present in the soil, and hence the chance of bacteria and the food material 
to come in contact with each other appears to be much less than in the 
culture media in flasks where, due to the movement of the dissolved 
material, there are frequent collisions between the bacteria and their 
food materials, and hence the possibility of the growth and activity of 
bacteria is greater in culture media than in natural conditions in the soil. 
It is clear, therefore, that the chemical changes involved in bacteria) 
reactions with energy materials are bound to be slower in soil tlian in 
culture media. Thus the chemical changes in soil, under ordinary con- 
ditions, are much slower, and that is why on adding organic matter 
to the soil a definite time interval is necessary before the oxidation and 
nitrogen fixation are observed. In cold countries this process is slower 
than in warm countries. Moreover, in cold countries, the nitrogen 
status of soils is higher than in warm countries and the apparent nitrogen 
fixation on adding energy materials will be less prominent than in hot 
countries. It appears that the nitrogen status of soils of all countries 
not under legumes appears to be chiefly due to the surface and photo 
oxidation of all kinds of energy materials and consequent nitrogen 
fixation. 

It is well known that sugars, alcohols, sodium or potassium salts 
of organic acids have been used as energy materials in the fixation of 
atmospheric nitrogen by Azotobacter and Clostridia in culture systems. 
But these bacteria are not capable of fixing the nitrogen by addition of 
cellulosic or lignin materials. The generally accepted view is that the 
cellulose decomposing organisms first break up cellulose into soluble 
carbohydrates which are utilisable by the nitrogen fixers. It seems that 
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the activity of the cellulose decomposing bacteria will be decreased by 
the addition of sand or soil. 

Schloesing and Muntz have shown that the nitrification of sewage 
is practically stopped by adding chloroform. This is because under 
ordinary conditions, the nitrification of the nitrogenous matter present 
in sewage is a biological process and not a surface action, On the other 
hand, if a large quantity of sand or soil is added to the sewage, the 
oxidation becomes a surface reaction and chloroform cannot stop the 
nitrification. The beneficial effect on the nitrification caused by partial 
sterilization of the soil appears clear from the surface oxidation point of 
view, because, on partial sterilization, the aeration and surface reaction 
increase. Moreover, our experiments on nitrogen fixation, observed with 
all types of energy materials including coal, are more readily explicable 
from the surface oxidation viewpoint rather than from the microbial 
viewpoint. The observations of Broadbent, showing that the addition 
of Sudan grass helps in the oxidation of the soil humus, can also be 
explained from the increase in the surface of the system. Similarly, our 
results, showing greater oxidation of sugar or straw when mixed with 
coal, are also clear from the same viewpoint. 

Phenols are known to undergo oxidation in Rothamsted soils. 
Similarly, antiseptics like sodium benzoate, sodium salicylate etc., have 
been oxidised in our soils. These can be explained easily from the surface 
oxidation viewpoint rather than from the bacterial one. 

Dr. H. L. Jensen (Proc. Linn. Soc. New South Wales 65 , i (1940) 
thought that a time interval of only 30 days will be quite adequate in his 
experiments of nitrogen fixation with Australian soils using glucose as 
an energy material. He must have been under the impression that the 
whole process is entirely bacterial and would be quick. He expected 
that the bacteria (Azotobacter) would be multiplied very rapidly and eat 
up the glucose and in this process nitrogen fixation will be observed. But 
he did not obtain any nitrogen fixation in most of his experiments and 
concluded that Australian soils cannot fix nitrogen even in the presence 
of Azotobacter. It appears that 30 days’ incubation at 30° is too short 
a time, and if he had given a time interval of 2 or more months, he would 
have obtained some nitrogen fixation as we have done. 



136 


N. R. DHAR, ETC. 


Summary 

Experimental results show that marked nitrogen ■ fixation takes 
place when soil or insoluble substances like ferric oxide, zinc oxide, 
aluminium oxide, titania, nickel oxide, calcium sulphate, calcium phos- 
phate etc. are mixed with energy materials like cowdung, leaves, starch, 
glucose, glycerol, ghee (melted butter) and inulin and allowed to undergo 
slow oxidation in air both in the sterile and unsterile conditions. The 
nitrogen fixation in sunlight is much greater than in the dark. 

The surface oxidation of these energy materials is more pronounced 
than the microbial oxidation. 



EFFICIENCY OF DIFFERENT METHODS OF NITROGEN 

FIXATION 

By N. R. Dhar, S. M. Bose, S. B. Sinha and S. K. Ghosh 

Industrial Professes of Nitrogen Fixation. — ^It is well known that H. 
Cavendish was the first to fix atmospheric nitrogen in the laboratory 
bypassing electric spark through air in 1783. In 1893 Lord Rayleigh 
isolated argon from air by confining a mixture of nine volumes of air and 
eleven volumes of oxygen in a glass globe in which an electric flame was 
produced. Lord Rayleigh obtained 49 grams of nitric acid per kilo watt 
hour. The yield of nitric acid can be increased to 8 8 grams by modifying 
the nature of the arc discharge. In 1903 K. Birkeland and S. Eyde 
established a factory at Notoddem, Norway, for the fixation of atmospheric 
nitrogen as nitrites and nitrates by electric discharge. 

It is well known that the formation of nitric oxide from nitrogen 
and oxygen takes place according to the equation : 

N2+O2 +43.2 K Cal=2NO. The nitric oxide in its turn combine 
with oxygen of the air and forms nitrogen peroxide, zNO+Og—aNOj. 

The nitrogen peroxide reacts with water, and a mixture of nitric 
and nitrous acids according to the equation : 2N0.2d-H20=HN03+HN02 
is produced. The nitrous acid, being unstable, decomposes as' follows : 
3HN02X!:HN03-J-H204-2N0 ; the nitric oxide, thus formed again, 
reacts with oxygen and forms nitrogen peroxide. In presence of alkali 
the following reaction takes place ; aNaOH-paNOg — NaN02 -FNaNOgT- 
H2O. 

This industrial process has a low efficiency. Assuming that 21.6 
KCals. are needed for producing 30 grams or i mol of nitric oxide, 
the theoretical value per mol is 0.05 K watt hour. In practice, however, 
the energy required is i K watt hour per mcl of nitric oxide formed. 
Thus the efficiency of this process of fixing nitrogen does not exceed 
5 %. Hence the . arc process, .. which is uneconomical, has been practically 
abandoned except where electricity is very cheap. I practice only 1.5 
to 2 . 5 % of the gas leaving the arc at 2,500° consists of nitric oxide and 
cooling is necessary for combining it with oxygen. 
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It is well known that the cyanamide process of nitrogen fixation 
is more, efficient than the arc process, which requires five times more 
electric energy per unit of .nitrogen fixed than in the former, hut as 
cyanamide has to be converted into ammonia for industrial purposes, 
this method has not been generally utilised except in Germany. 

, The Haber-Bosch process is generally adopted at present in most 
countries but the yield of ammonia is usually 8% of the initial nitrogen 
concentration; Physicists and Industrialists have concluded that the 
average efficiency of the process is 10%. 

l^itrogen Fixation in soils, sand etc.—Fot over 20 years we have studied 
systematically the nitrogen fixation by mixing different energy-producing 
materials like sugars, starch, cellulose, glycerol, fats, saw-dust, straw, 
leaves, peat, lignite, bituminous coal etc. with soil or sand or pure che- 
micals, like oxides of metals, sparingly soluble phosphates and sulphates 
as surfaces both in light and in the dark under ste.rilc and unstcrile con- 
ditions. Our results show that when one gram of carbon is oxidised, 
10 to 23 milligrams of nitrogen is fixed in presence of sunlight in soils 
and in the dark the amount of nitrogen fixation is about half. In sand 
as a medium the efficiency, i.e., the amount uf nitrogen fixed in milligrams 
per gram of carbon oxidised, gees upto 30 to 40 in sunlight. In n'ckcl 
oxide or calcium phosphate as a medium, the efficiency is usually between 
60 and 70 milligrams per gram of carbon oxidised. In sterile conditions 
in general the nitrogen fixation appears to be app.reci.ably smaller than 
under unsterile conditions chiefly because in the process of sterilisation 
a part of the ammonium salts and proteins decomposes and is lost from 
the system. 

, We have already explained the larger efficiency in sand than in 
soil from the viewpoint that as soon as some nitrogen is fixed, a part is 
lost as nitrogen gas in the process of ammonification and nitrification 
which are also accelerated by light. These processes ta.kc place in the 
following manner : — 

n ■ ■ . +0“ 

Troteins — ^amino acid — ^ammonia ^nitrite ^nitrate. In the 

course of these reactions, there is always the formation and decomposition 
of the unstable substance, ammonium nitrite, which breaks up as follows : 
NH4NO2 =N2 +2H2 O-fyiS K Cals. 
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Recently we have catiied on. a large amount of work on nitrogen 
fixation in artificial light from a 60 watt electric bulb. The dishes or 
tubes containing the reaction mixtures were placed at a distance of -three 
feet from the bulb, whilst for dark experiments similar sets were covered 
with thick black cloth. For the unsterile experiments the reaction mixtures 
were placed in dishes and exposed to light or kept in the dark after 
adding 20% distilled water. The mixtures were strirred on alternate 
days to facilitate oxidation. After definite intervals samples were taken 
and analysed for their carbon, total nitrogen, ammoniacal and nitric nitro- 
gen contents. In many experiments the Azotobacter counts were made 
by the plate method. The carbon and nitrogen estimations were carried 
on according to the method of Robinson, AIcI.ean & Williams. (J. Agric. 
Sci., 1929 19 , 315). For the sterile experiments, definite weights (5 to 10 
grams) of soil or other surfaces were mixed different energy materials in 
test tubes containing 7 to 10 c.cs of distilled water. This mixture was 
sterilised in an autoclave for four hours at 20 lbs. pressure. After known 
intervals of exposure the mixture was even dried and an aliquot part 
analysed. The following results have been obtained ; — 


Percentage Composition of the oven-dried Soil : — 


PH of the Soil 

=- 7-5 


Total Carbon 

II 

CO 

0 


Total nitrogen 

= 0.2075 


CaO 

II 

0 

0 


P2O5 

=0.4178 


Percentage Composition of the energy-materials used : — 


Wheat straw 

Gur (Sugar Candy) 

Total carbon 

= 39.17 

36.19 

Total nitrogen 

= 0.6375 

0.7413 

CaO 

00 

00 

N 

d 

11 

1. 0010 

P2O5 

• =0.0619 

00 

CN 

0 

0 

d 

Amount of phosphate added as Nag 

HPO4, 12H2 o = . 


gams, per 200 gms. soil. 

Amount of Calcium Carbonate added— 0.5 grarq per 200 gms Soil 
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Table 1 




200 

gms soil+4 grams wheat 

straw+ — Unsterile 

Light 



in grams per cent 



Period of ex- 

Total 

Carbon 

Total 

Change in 


posure in days 

carbon 

oxidised 

nitrogen 

total nitro- 

Efficiency 


• 


gen 


0 

2.3343 

0 

0.2158 

0 

. . 

80 

1.3140 

1.0203 

0.3866 

+0.1708 

167.4 


200 gms soil+4 gms wheat straw 


Dark 

0 

2.3343 

0 

0.2168 

0 

. . 

80 

1.3730 

0.9613 

0.3271 

+0.1117 

116.2 

200 gins soil+4 f 

^ms wheat straw + Phosphate 

Light 

0 

2.3120 

0 

0.2136 

0 

. . 

80 

1.0270 

1.2850 

0.4163 

+ 0.2027 

157.7 

200 

gms soil+4 

gms wheat 

straw^+ Ph ospli ate 

Dark 

0 

2.3120 

0 

0.2136 

0 

0 

SO 

,1.0530 

1.2590 

0.3450 

+ 0.1314 

10-^. 3 

200 gins 

soil+4 gms 

1 wheat straw+ Calcium 

carb(mat(L 

Light 

0 

2.3274 

0 

0.2163 

0 

• . 

80 

0.9696 

1.3578 

0.4245 

+0.2002 

154,1 

200 gms 

soil+4 gms 

wheat straw + calcium Carbonaie. 

Da,rk 

0 

2.3274 

0 

0.2153 

0 


80 

0.9895 

1.3379 

0.3732 

+ 0.1570 

118 
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200 gms soil+4 gms G^ir (Siigai 

■ candy). — 

' Unsterile 

Light 

0 

2.2754 

0 

0.2209 

0 


100 , 

0.9560 

1.3194 

0..3210 

+ 0.1001 

75.8 

200 gms soil+4 gms Our 

(Sugar can 

dy). 

Dark 

0 

2.2754 

0 

0.2209 

0 

* . 

100 

0.9770 

1.2984 

0.2695 

+0.0480 

, 37.4 

200 gms 

soil+4 gms 

Gur (Sugar 

candy)+Phos])hate. 

Light 

0 

2.2620 

0 

0.2160 

0 

• . 

100 

0.7488 

1.5132 

0.3270 

+0.1110 

73.3 
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in grams per cent 

Period of ex- Total Carbon Total CHange in Efficiency 

posure in days carbon oxidised nitrogen total nitro- 
gen 


200 gms soil+4 gms Gur (Sugar candy)+ 

•Phosphate 

Dark 

0 

2.2620 

0 

0.2160 

0 

* • 

100 

0.7577' ' 

1.5043 

0 .2888 

+0.0728 

48.3 

200 

gms soil+4 gms Gur (Sugar candy)+Calcium carbonate 

Light 

0 

2 .2673 

0 

0.2172 

0 


60 

1.1740 

1.0933 

0.3071 

+ 0.0899 

82.2 

100 

0.6973 

1.5700 

0.3825 

+0.1653 

105.2 

200 

gms soil+4 gms Gur (Sugar candy) +Clacium carbonate 

Dark 

0 

2.2673 

0 

0.2172 

0 


60 

1.0370 

1.2303 

0.2825 

+0.C653 

53.1 

100 

0.7506 

1.5167 

0.3071 

+0.0899 

59.2 



Table 3 





10 gms .soil+O. 

.2 gm wheat 


Light 

0 

2.3320 

0 

0.2144 

0.0 

. . 

150 

2.1175 

0.2145 

0.2325 

+0.0181 

84.3 


10 gms soil+0.2 gm wheat straw — Sterile 

Dark 

0 

2.3320 

0 

0.2144 

0 

• • 

150 

2.2028 

0.1292 

0.2200 

+0.0056 

43.3 


Table 4 

10 gms soil-f0*2 gm Gur (Sugar candy ) — Sterile Light 

0 2.2550 0 0.2184 0 

150 2.0607 0.194.3 : 0.2325 -fO.OMl 73.0 

10 gms soil+0.2 gm Gur (Sugar candy)- -Sterile Dark 

0 2.2550 0 0.2184 0 

b'^O 2.0814 0.1736 0.2245 4-0.0061 35.1 

Table 5 

10 gnis soil4-0i2 gm wMeat straw+Phosphate— /S/mfe - Light 

0 2.3310 0 0.2142. : 0 

150 2.1822 0.1488 0.2263 • +0.0121 


81.3 
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in grams per cent 

Period of ex- Total Carbon Total Change in 

jmsnre in days carbon oxidised nitrogen total nitro- 
gen 

10 gins soi]-}-0-2 gm wheat straw-j-Phosphate — Sterile 
0 2.3310 0 0-2142 0 

150 . 2-2200 0-1110 0-218.5 -fO.0043 

■Table 6 

10 gms soil-f O-2 gin Our (Sugar (candy )-l-Phosjjhatc — Sterile 
0 2.2.547 0 0.2166 0 

150 2.0610 0.1937 0.2.300 -|-0. 01.34 

10 gins aoil-]-0.2 gm Gur (Sugar candy)-l-Pho,sphatc — Sterile 
0 2.2547 0 0.2166 0 

150 2.0925' 0.1622 0.2225 -[-0. 0(^59 

Tabi.e 7 

200 gms soi!-(-4 gms w'heat .straw. — Umterile 
0 0.8980 0 0.0.5.56 0 

80. 0.3900 0.5080 0.0940 +0.0384 

200 gms soil+4 gms wheat straw 
0 0.8980 0 0.0556 0 

80. 0.4494 0.4486 0-0773 -J- 0.0217 

200 gms soil+4 gms wheat straw+Phospliate 
0 0.8872 0 0.0550 0 

80- 0.3689 0.5183 0.0942 +0.0.392 

200 gras .soil+4 gms wheat .straw+ Phosphate 
0 0.8872 0 0.0550 ' 0 

80 . 0..3905 0.4967 0.0775 +0.0225 

200 gins soil+4 gms wheat sttaw+Calciuin carbonate. 

0 0.8958 0 0.05.55 0 

80. 0.3445 0.5513 0.0960 +0.0405 

200 gms soil+4 gms wheat straw+Calcium carbonaie. 

0 0.8958 ' 0 0.0,5,55 0 

80 . 0.3777 0.5181 0.0802 +0.0247 


Efficiency 

Hark 

.38.7 

Light 

69.2 
Dark 

9 9 

.36.1 

Light 

* 9 

75.6 

Lark 

48.3 
Light 

65.9 

Lark 

-34.2 

Light 

72.5 
Dark 

47.6 
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, 1,43 


In the following expe-riments another soil of which the carbon and 
nitrogen status was lower than the other one was used. 


Soil 


Percentage composition of the oven-dried Soil 
PH of the 
Total carbon 
Total nitrogen 
CaO 


= 8.02 
=0.1330 
=0.0440 
=2.3800 
=0.3385 

Percentage composition of the energy materials used : — 

Wheat straw Gm (Sugar candy) 


P2O5 


Total- carbon 

=39.17 

56.19 

Total nitrogen 

=0.6373 

0.7415 

CaO 

II 

p 

00 

00 

T.OOIO 

P2O5 

= 0.0619 

0.0098 


Amount of phosphate added as NajHPO^, i2H20=2. 3210 gms. 
per 200 gms. Soil. 

Amount of Calcium carbonate added=o.3 gram pH 200 gms. Soil. 


Table 8 


20 <; 

) gms soil-f-^ 

gms Gur (Sugar 

cand}")- 

-U ns ter He 

Light 



in grams per cent 



Period of ex- 

Total 

Carbon 

Total 

Change in 

Efficiency 

posure ill days 

carbon 

oxidised 

nitrogen 

total nitro- 





gen 


0 

6.8400 

0 

0.0586 

0 

. . 

100 

0.2020 

0.6380 

0.0810 

40 .. 0224 

35.1 . 


200 gms 

soil-}- 4 gms Gur 

(Sugar 

candy) 

Dark 

0 . 

0.8400 

0 

0.0586 

0 

. . 

100 

0.2084 

0.6316 • 

0.0689 

+0.0103 

16.3 

200 

gms .soil4"‘i gms Gur (Sugar car)dy)+Pl'OBphale 

Light 

0 

0.8300 

0 

0.0570 

0 

. . 

100 

0.0499 

0.7801 

0.0862 

- 1 - 0.0282 

36.1 

200 

gms soil+4 gms Gur (Sugar candy)+Phosphate 

Dark 

0 

0.8300 

0 

0.0570 

0 


100 

0.0266 

0.8034 

0.0765 

-f-0.0195 ■ 

24. 
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in grams per cent 


Period of ex- 
posure in days 


0 

60 

100 


0 

60 

100 


Total 

Carbon 

Total 

Change in 

carbe® 

oxidised 

nitrogen 

total nitro- 
gen 

f4 gms Gur 

(Sugar candy)+Calcium 

Carbonate 

0.8380 

0 

0.0575 

0 

0.1056 

0.7324 

0 .0940 

+0.0365 

0.0836 

0.7544 

0.0948 

.+0.0373 

f4 gms Gur (Sugar candy )+Calciu'm 

Carbonate 

0.8380 

0 

0.0575 

0 ■ 

0.0874 

0.7506 

0.0773 

+0.0198 

0.0711 

0.7669 

0.0775 

+0 .0200 


0 

150 


Tabte 9 

10 gins soil-l--0.2 gm wheat straw— /S7enfe 
0.9360 0 0.0548 0 

0.7822 " 0.1538 0.0673 +0.0125 


10 gms soil + 0.2 gm wheat straw— /Sren'/e 


0 

0.9360 

0 

0.0548 

0 

150 

0.7948 

0.1412 

0.0605 

+0.0057 



Table 10 




10* gms soil+0.1 

2 gm Our (Sugar candy)- 

—Sterile 

0 

0.8580 

0 

0.0570 

0 

L50 

0.7125 

0.1455 

0.0675 

+0.0105 


10 gms soil+0.2 gm Gur (Sugar candy)— ;S7en7e 


0 • 

0.8580 

0 

0.0570 

0 

150 

0.7238 

0.1342 

0.0618 

-1-0.0048 



Table 11 




10 gms. soil+0,.2 gm wheat straw+ Phosphate — BUrih 
0 0.9354 0 0.0545 0 

150 0.'J865 0.148'9-’ 0.0665 +0.0120 

10 gms soiI+0.2 gm wheat, straw+ Phosphate — Sterile 
0 0.9354' 0 0.0545 0 

150 ~ ^ 0.1384 . 0.0600 +0.0055 


Efficiency 

Light 

49.8 

49.4 

Dark 

26.3 

26.1 

Light 

A A 

81.2 

Dark 

40 .:} 

Light 

72.1 

Dark 

35.7 

Light 

80.0 

Dark 

39.7 
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Table 12 


10 gms h 

ioil~|-0.2 gm 

Gwr (Sugar candy)+Phoaphate— SVertfe 
in gramsper cent.'. 

Light 

Period of ex- 

Total 

. Carbon 

Total Change in 

Efficiency 

posure ill days 

carbon 

oxidised 

nitrogen total nitro- 





gen 


0 

0.8584 

0 

0.0565 ‘ 0 . 


150 

0.7130 

0.1454 

0.0660 +0.0095 

65.3 


10 gms soil+0.2 gm 6ur (Sugar candy )-(- Phosphate — Sterile Dark 

0 0.8584 0 ' 0.0565 ' 0. 

150 0.7242 0.1342 0.0608 +0.0043 32.0 

In the following experiments, sand was used instead of soil. 

Analysis of oven dried sand used in the experiment. 

Total carbon =0.03656% 

Total nitrogen =0.0035% - ■ 

CaO =2-50% 

P2O5 =0-045% 

PH—8. 


Table 13 


200 gms. Sand+1.3513 gms Sucrose — Vnstenle ' Light 

In Grams percent ^ 


Period of ex- 

Total 

Amount of 

Total 

Change in 

Effi eiency 

Azotobaoter 

posure in 
days 

Carbon 

Carbon 

oxidised 

nitrogen 

total 

nitrogen 

'■ :eount in 
millions per 
■ gm. 

0 

0.2938 

0.0 

0.00475 

0.0 

, , 

" - 0.003 

60 

0.0142 

0.2796 

0.0205 

+0.01575 

59.4 

4.0 


200 gms 

Sand+1.3513 

g*ms. Sucrose— 

I^arh 

0 

0.2938 

0.0 

0.00475 

0.0 


0.003 

60 

•0.0082 

0.2856- 

-'0.0150 

• +0.01020 

- 35.8 

91.0 

200 gms Sand+1.3513 gms Sucrose+0.5%P2O5 

as Nag HPO 

42H2O — Unsterile Light 

0 

0.2938 

0.0 

0.00475 

0 

• . 

. 0.003 

60 

0.1111 

0.1827 

0.04125 

+0.0368 

199.7 

0.200 


F. 9 
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m sa«d+1.3513 gm, sucme+0.5%P.O. as Na, HPO, 2H,0-P«aleriZ. 

° ill grains per cent 

Azotobactor 


Period of ex- 
posure in 
days 

Total 

carbon 

Amount of 
oarbon 
oxidised 

Total 

nitrogen 

Change in 
total 
nitrogen 

0 

60 

0.2938 

0.0 

0.0 

0.2938 

0.00475 

0.0175 

0 

+ 0.01275 




Table 14 



43.4 


millions per 
gm. 
0.003 
21.0 


0 

60 

0 

60 


Light 

0.003 

0.0072 

Dark 

0.003 

7.6 


200 gms Sand+2.7027 gins Snciose—Unsterile 
0.5237 0 0.0050 0 

o!o506 0.4731 0.0240 +0.019 40.16 

200 gms Sand+2.7027 gms. Sucrose— ClMsienle 
0.5237 0 0.0050 0 

0.00573 0.51797 0.01825 +0.01325 25.5 

200 gms Sand+2.7027 gms Sucrose+0.5% PA as Na^ HPOj 2B^O~-Unsfenle Light 
0 0.5237 0 0.0050 0 .. 0.003 

60 0.3300 0.1937 0.0475 + 0.0425 219.7' ’ 0.006 

200 gms Sand+2.7027 gms Sucrose+0.6%P,A as Naa HPO,, 2Bfi-Unslerik Dark 
0 0.5237 0 0.0050 0 .. 0.003 

60 0.0199 0.5038 0.03305 +0.02805 55.6 0.080 

In the following experiments another sample of sand was used. 
Percentage composition of the oven dried sand used in the experiment. 

PH of the sand =8.3 ■ 

- -Carbon =0.0273 

Nitrogen =0.00893 


CaO 

1 * 2^5 


= 2.408 
=0.0435 

Table 15 

200 grams Sand+12.5 grams Tartaric acid — Unsterile 
In grams per cent 


Period of 
exposure 
in days 
0 

187 


Total carbon 
in' tartaric 
acid 
2 

1.3542 


Carbon Total 

oxidised nitrogen 


0 

0.6458 


0.00841 

0.01786 


Change in 
nitrogen 

0 

+0.00945 


Light 

Efficiency 

14.6 
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200 grams Sand+12.5 grams Tartaric acid Darh 


in grams per cent 


Period of ex- 

Total Carbon 

Total 

Change in 


posnre in days 

- carbon oxidised 

nitrogen- 

total nitro- 

EfiScieney 




gen 


0 

2 0 

0.00841 

0 

o • 

187 

1.6096 0.3904 

0.0119 

+0.00349 

8.9 


Table 16 





200 grams Sand+ 11-6664 grams Citric acid 

Light 

0 

2 0 

0.00844 

0 

, , 

187 

1.3406 0.6594 

0.01563 

+0.00719 

10.9 


200 grams Sand-f-H -6664 grams Citric acid 

L^arh 

0 

2 0 

0.00844 

0 

• • 

187 

1.502 0.498 

0.0122 

+0.00376 

7.55 


Table 17 





200 grams Sand+21 grams Oxalic acid 


Light 

0 

/ 2 / 0 

0.00808 

0 

• •• 

187 

1.821 0.179 

0.01613 

+0.00805 

44.97 


200 grams Sand +21 grams Oxalic acid 


Dark 

0 

2 0 , 

0.00808 

0 

... 

187 

1.8571 0.1429 

0.01136 

+0.00328 

22.95 


Table 18 






10 grams Sand + -625 grams Tartaric acid— 

-Sterile 

Light 

0 ' 

2 0 0.00784 

0 

• * 

220 

1.442 0.558 0.01136 

+ 0.00352 

6.13 


10 grams Sand+625 grams Tartaric acid 


Dark 

0 

■ 2 0 0.00784 

0 


220 

1.5427 0.4573 0.009 

+0.00116 

2.54 


Table 19 




10 grams Sand+ ..5833 grams Citric acid 


Light 

0 

2 0 0.00789 

0 


220 

1.7857 0.2143 0.01111 

+0.00322 

J5.02 


10 grams Sand+ .3833 grams Citric acid 


Dark 

0 

2 0 0.00789 

0 

* . 

220 

1.9026 0.0974 0.00862 

+ 0.00073 , 

7.5 
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Table 20 



JO grams Sand4-.l-Oi5 gram^ Oxalic acid 
. In grams percent 


Light 

Period of . 

Total 

Carbon 

Total 

Change in 


exposure 

carbon in 

oxidised 

nitrogen 

nitrogen 

Efficiency 

in days 

0 

tartaric acid 

■ , 2 

0 

0.00754 

0 


220 

1.9257 

0.0743 

0.01191 

+0.00437 

58.8 


10 grams Sand +1*05 grams Oxalic acid 

Darh 

0 

2 • ■ 

- 2 

0.00754 

0 

m 

220 

1.9657 ' 

0.0343 

0.00833 

+0.00079 

23.03 


The foregoing results show that with aliphatic organic acids as 
source of energy the efficiency of nitrogen fixation in sand is smaller than 
with carbchydrates. It seems that with acids the nitrogen fixed may be 
lost. In presence of phosphates in sand as medium an efficiency of 200 
mgms. of nitrogen fixed per gm. of carbon oxidised has been obtained 
in light. In soils fairly rich in calcium and phosphate, nitrogen fixation 
of the order of 150 to 75 mgms. in light in unsterile conditions and of 
the order of 84 to 65 under sterile conditions has been observed with 
wheat straw. In the dark the values vary from 80 to 35 in unsterile con- 
dition and from 43 to 3 2 ■ under sterile conditions. Hence there is a 
marked light effect in this type of nitrogen fixation. 

In culture experiments on nitrogen fixation by Azotobacter, A. Koch 
and S. Seydal (Centrbl. Bakt. ii, 31 , 570, 1912) have reported that 70 
to 80 mgms. of nitrogen are fixdd by Azotobacter per gram of glucose 
oxidized on ffie second and third day of growth, and only 5 to 8 milligrams 
on the eighth day. Although the total amount of nitrogen fixed during 
the first five days is small, the process is economical only in the beginning. 
Similarly, J. G. Lipman (N. J. Agr. Exp. Sta. Ame. Kept. 24, 217, 1903) 
has obtained the following results in cultures : 

Mannitol, per cent o.i 0.2 0.5 r.o 1.5 

Nitrogen fixed in milligram per gram of 10.5 8.3 6.4 4.68 3.22 

mannitol. ■ 

These results on nitrogen fixation by Azotobacter in culture media 
are certainly not as efficient as those obtained by us with carbohydrates 
and, cellulose. 
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In recent years Dr. H. L. Jensen in Lyngby (Denmark), Dr. StockJi 
in Zurich and Prof. Lemoigne in Paris have emphasised that Azotobactet 
does not play a big role in increasing the nitrogen’ status of sods. From 
our experiments in sterile and unsterile conditions it is clear that bacterial 
actionis not as prominent as surface reactions insoils. Hence the existence 
or non-existence of bacteria should not materially affect the nitrogen 
status of the soil as the efficiency of nitrogen fixation is of the same order, 
both under sterile and unsterile conditions. It appears'that the micro- 
biological action is vigorous either in culture media containing easily 
decomposable energy materials or in sewage or fermentation processes. 
On the other hand, if the energy materials to be utilised by the micro- 
organisms and the microbial population are diluted or mixed up with 
large quantities of inert and difficultly soluble materials like sand, soil, 
iron oxide, zinc oxide, nickel oxide etc., the intensity of the microbial 
action decreases. In most experiments for the isolation or detection of 
bacteria, the conditions are rendered highly suitable for their rapid mul- 
tiplication by supplying energy materials for their growth and activity 
and mineral requirements. That is why Azotobacter 61 : Clostridia have 
been found to multiply and fix nitrogen in tubes of flasks ; but under 
natural conditions in fields the amount of nitrogen fixed by the addition 
of energy materials has not been accurately determined. In culture ex- 
periments in flasks containing energy materials like glucose, mannitol 
etc., and minerals like lime, potash, phosphate, iron etc. they are readily 
available to the bacteria in a state of solution. On the other hand, even 
if 10 tons of molasses or straw are added per acre of land, it is diluted 
with 99% of its weight of inert silicates, iron oxide, humus etc. present 
in the soil, and hence the chance of bacteria and the food materials to 
come in contact with each other appears to be much less than in culture 
media in flasks. It is clear, therefore, that the chemical changes involved 
in bacterial reactions with energy materials are bound to be slower in soils 
than in culture media, and that is why on adding organic matter to the soil, 
a larger tinie interval is necessary before the oxidation and nitrogen fixation 
are observed than in the culture media. This explains the failure of H. L. 
Jensen (Proc. linn. Soc. N. S. W. 1940, 65 , i) to observe nitrogen fixation 
in many samples of New South Wales soils during an incubation period 
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of 30 days when mixed with glucose as energy material It appears that 
the nitrogen fixation in 30 days in soils is much less than in culture media 
containing glucose. In cold countries the soil nitrogen fixation is slower 
than in warm countries. Moreover, in cold countries the nitrogen status 
of soils is higher than in warm countries, and the apparent nitrogen 
fixation on adding energy materials is less prominent than in hot 
countries. 

By the application of three doses of Neem Leaf (Melia Azadiractta 
Lina) to field soils containing 0.0386% total nitrogen, the nitrogen status 
was raised to 0.1023% by nitrogen fixation and the carbon-nitrogen ratio 
of the soil became 10. Similarly, by adding cowdung three times, the 
nitrogen status could be raised to 0.2% in3 yearsfrom 0.0386%. Moreover, 
on applying municipal rubbish the nitrogen status was raised to 0.25% 
from 0.039%, and bumper crops were grown on this land. The classical 
Rothamsted experiments show that by adding farmyard manure at the rate 
of 14 tons per acre per year and growing a crop every year on this 


land, the nitrogen 

status was raised to 

0.256% from 0.122%. Similar 

experiments carried 

on with farmyard 

manure in Denmarl 

c showed the 

following increase of the soil nitrogen 

- 




Increase wiib 

Increase with 



farmyard manure 

artificial ferti- 




lizers 

Sandy soil 

0.066% N 

30.3% 

15.1% 

Ljmgby soil 

0.146% N 

15.7.% 

3.4% 

Askov Loam 

0.106% N 

22.6% 

11.3% 

Lundgard 

0.106% N 

10.3% 

3.7% 

Tylstrup 

0.118% N 

6.1% 

1.6% 


Moreover, we have been able to show definitely that marked nitrogen 
fixation takes place under completely sterile conditions, both in light and 
dark. Hence it appears that the nitrogen status of soils of all countries 
not under legumes appears to be chiefly due to surface and photo-oxida- 
tion of all kinds of energy materials and consequent nitrogen fixation. 

Mechanism of Nitrogen Fixation . — In explaining photo-synthesis in 
plants, Dhar postulated in 1933 that the important photo-chemical reaction 
is the decomposition of water by absorption of light according to the 
following equation : — 


Hp-f-iia KCal=H 4 - 0 H. 
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The hydrogen atom thus formed reduces the carbonic acid adsorbed 
on the leaves forming formaldehyde. In recent years this view of the 
mechanism of photosynthesis has been supported by the use of carbonic 
acid containing isotopic carbon. In explaining nitrogen fixation the best 
mechanism seems to be the same, i.e. the decomposition of water into H 
and OH by absorption of energy obtained from the oxidation of carbohy- 
drates, celluloses, lignin, fats, coals etc. Moreover, in presence of light, 
the light energy, whether from the sun or artificial source, is absorbed by 
the system and utilised in increasing nitrogen fixation. In symbiotic 
nitrogen fixation also the same machanism may be applicable. 

For fixing 14 gms. of nitrogen and forming ammonia by the interac- 
tion of molecular nitrogen and atomic hydrogen obtained by the decom- 
position of water as stated above, 336 K cal. are needed. Hence, from 
the oxidation of a gram mol of glucose according to the equation 

CgHjaCg -f 602 = 6 C 02 -f-6H.20-f 676 K. Cal. grs. of nitrogen 

can be fixed under ideal conditions. In other words, 0.39 gram of 
nitrogen should be fixed per gram of carbon oxidised. In many of our 
experiments in soils, fairly rich in calcium and phosphate, a nitrogen 
fixation of 100 mgms. with sugar candy and about 150 with wheat straw 
has been observed per gram of carbon oxidised. Hence the efficiency of 
this type of nitrogen fixation in soils is 150/390x100=38% with straw 
in light, and with sugar candy 100/390X100=25%. In sterile conditions 
the efficiency in light is 21% with wheat straw ; in the dark this efficiency 
is 10%. 

It is well known that in absence of moisture nitrogen fixation in 
soils does not take place, because water plays a prominent part as postulated 
in the mechanism of nitrogen fixation proposed above. The ammonia 
can readily be oxidised to nitrates in soils or nodules. Dhar and Mukherji 
(J. Indian Chem. Soc., 1934, 11 , 727) have obtained amino acids readily 
by the action of nitrates on carbohydrates in presence of light using titania 
as a photo catalyst. In symbiotic nitrogen fixation the energy required 
is supplied by the oxidation of the carbohydrates photosynthesised by the 
host plant and nitrogen fixation takes place chiefly in the nodules. In 
this , process the possibility , of the loss of nitrogen by the formation and 
decomposition of the ammonium nitrite appears to be less than in our 
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experiments where the facility for the oxidation of proteins, amino acids, 
ammonium salts obtained by fixation, is greater than in nodules. This 
is certainly one of the reasons why symbiotic nitrogen fixation frequently 
appears to be more efficient than non symbiotic fixation. 

Ammonia is readily detected in nitrogen fixation by Azotobacter or 
Clostridia in culture media. In our experiments on nitrogen fixation in 
sand or soil with soluble carbohydrates or glycerol as energy materials, 
there is marked increase of ammonical nitrogen in a short time. Moreover 
using sanai (sun hemp) as energy material in nitrogen fixation we have 
frequently observed a pronounced smell of free ammonia when the nodules 
are rubbed under fingers. 

It is well known that in symbiotic or non-symbiotic nitrogen fixation 
there is hardly any increase of nitrogen in presence of small amount of 
ammonium salt or nitrate. Similarly in our experiments the nitrogen, 
fixation falls off on the addition of ammonium salts. This is due to the 
fact that the fixation is, opposed by the phenomenon of loss of nitrogen 
involved in nitrification caused by the formation and decomposition of the 
unstable substance ammonium .nitrite. This loss is retarded by the presence 
of carbohydrates which act as a negative catalysts in nitrification. It 
appears that the fundamental chemical changes involved in all types of 
nitrogen fixation are identical. In symbiotic fixation the Rhizobia con- 
taining haemoglobin may be able to oxidize the carbohydrates synthesized 
by the host plant very readily creating an efficient nitrogen fixation process, 
which certainly requires an influx of energy. Also Phosphates and calcium 
carbonate seem to increase the efficiency of nitrogen fixation in all types of 
nitrogen fixation, in which ammonia formation is an important step. 

Efficiency of Symbiotic Nitrogen Fixation 

P. W. Wilson (Biochemistry of Nitrogen Fixation, Madison, 1940) 
has reported that in nitrogen fixation by red clover using sucrose in sand 
culture, a nitrogen fixation of i gram has been obtained per 25 grams of 
dry plant material. Assuming that 40% of this plant material is carbon, 
the symbiotic nitrogen fixation by red clover becomes 100 mgms. pet 
gram of carbon oxidised in symbiosis. It is very interesting, therefore, 
that the efficiency of symbiotic nitrogen fixation, which has always been 
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considered to be about 10 times greater than that of non-symbiotic fixation, 
maybe even smaller than the efficiency obtained in light incur experiments. 
In the manuring of fields with legumes, Weir has stated that under normal 
conditions i cwt., i. e. 112 lbs. of nitrogen, are added per acre, but 
usually the amount may be as small as 40-60 lbs. On the other hand, when 
5-10 tons of leaves or straw are added to the soil, rich in calcium phos- 
phate specially in tropical countries, the nitrogen addition may be much 
greater than with legumes. Moreover, legumes cannot be grown year 
after year in the same soil. Also, legumes make the soil certainly more 
acidic than straw or plant leaf and are known to be an acidic manure. 
It seems, therefore, that there is very little to choose between legume 
manuring and carbohydrate manuring. The carbohydrate manuring or 
lignite manuring is specially suitable in soil containing low total nitrogen 
and neutral type rich in calcium phosphate. Recent experiments 
carried on in Nigeria with i ton of farm yard manure per acre have produced 
excellent results in crop production, because of the low nitrogen content 
of the soil. This is in support of our observations and conclusions. In 
cold countries carbohydrate and lignite manuring should be quite suitable 
in presence of calcium carbonate or calcium phosphate as our experiments 
show that in the presence of calcium carbonate the oxidation of both, car- 
bohydrate and straw, is intensified in nitrogen fixation. 

As the industrial methods of nitrogen fixation are not very efficient, 
the price of artificially fixed nitrogen has remained high. The world 
production of this commodity in 1937 was 5.54 million tons. Even today 
the total production may not exceed 4 or 5 million tons. For producing 
600 million tons of cereals and 400 million tons of good food material 
(these are the amounts produced at present in the world) no less than 150 
million tons of combined nitrogen are needed. Hence synthetic nitrogen 
has failed to cope with world food production. It is no wonder, therefore, 
that in the 1949 Meeting of the British Accociation, it was concluded that 
only 3% of the world food production has to be attributed to synthetic 
nitrogen and 97% of the food is derived from the nitrogen of the soil humus. 
It is clear, therefore, that nitrogen fixation in soil has to improve markedly 
not only by growing legumes as is being done in all the advanced countries, 
but nitrogen fixation in presence of sunlight by addition of all kinds of 
F. 10 
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energy materials to the soil has to be intensified, because organic matter 
not only supplies the minerals and nitrogen it contains but also fixes 
atmospheric nitrogen readily in the soil and protects the soil nitrogen from 
loss in the gaseous state. 

It is interesting to note that the immortal Chemist, Lavoisier, was 
much impressed by the value of grass in land improvement. Recently, 
T. L. Lyon and H. O. Buckman (The Nature & Properties of Soils, New 
York, 1943, 395) at Ithaca, have reported that the soil under a grass ley 
free from legumes gained 40 lbs. of nitrogen per acre per year. Similarly, 
J. W. White, F. J. Holben and A. C. Richer (J. Amer. Soc. Agron., 1945 
37 , 21) in Pennsylvania observed that the soil under a grass ley not con- 
taining legumes, gained 15-30 lbs. of nitrogen annually, even though they 
were unable to isolate Azotobacter from the soil. Similar gains in nitrogen 
of grasslands have been reported in Rothamsted. 

It appears that the carbonaceous matter added to the soil as plant 
parts or farmyard manure are oxidised thermally and photochemically on 
the soil surface and lead to nitrogen fixation even in absence of leguminous 
plants or Azotobacter. 

In a recent paper, A. Demolon (Rev. Gen. Botanique, 58 , 1951, 489) 
has concluded that the symbiotic fixation of nitrogen has to be enhanced 
by controlling and improving the processes of this fixation. Wc are trying 
to intensify the growth of leguminous plants by adding straw, leaves, farnr- 

yard manure etc. along with calcium phosphate to the soil before urowin*'' 
these plants. 


Summary 

Experimental results on the influence of light from a 60 watt electric 
bulb show that marked nitrogen fixation takes place when soils fairly rich 
in calcium and phosphate are mixed with wheat straw or gar (sugar candy) 
^d allowed to undergo slow oxidation in air. The amounts of nitrogen' 
fixed in milligrams per gram of carbon oxidised are of the order of tjo 
to 75 in electric light under unsterile condition with wheat straw : in 
the dark, the fixation is 80 to 35. In sterile condition in light it is 85 to 
65 and 43 to 32 in the dark. 

(sugal candy) the values can be as high as to, in light 
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and 59 in tlie dark under unsterile conditions, whilst in sterile condition 
they are 69 and 56. 

In unsterile condition, with sand as medium and sucrose as energy 
material and in presence of phosphate, the high value of 219 in light and 
5 5 in dark was obtained. 

These nitrogen fixations in light are as high as those obtained' 
in symbiotic nitrogen fixation. Aliphatic organic acids when mixed with 
sand and allowed to undergo oxidation in air can fix appreciable amounts 
of nitrogen, both under sterile and unsterile conditions. 

It has-been postulated that the main chemical change involved in 
nitrogen fixation, as in photosynthesis in plants, is the decomposition of 
water into IT and OH according to the equation : H^O-f 112 K Cal=H-l- 
OH. The energy of the oxidation of carbohydrates and other oxidizable 
materials is utilised in the breaking up of water molecules into atomic 
hydrogen and hydroxyl radical. The atomic hydrogen thus formed can 
reduce molecular nitrogen to ammonia. The fundamental chemical changes 
in all types of nitrogen fixation involve the production of ammonia and 
seem identical. 

It appears that the efficiencies of the industrial methods of fixing 
atmospheric nitrogen are lower than those occurring in soils and sands 
in presence of organic matter and calcium phosphate aided by light ab- 
sorption and in leguminous plants. It seems that the lower efficiency of 
industrial nitrogen fixation explains why synthetic nitrogen is unable to 
cope with the world food production. 

Straw, leaves, farmyard manure etc. can not only fix atmospheric 
nitrogen in soil and protect the soil nitrogen but can also intensify the 
growth of legumes in soils. 

The surface oxidation of energy materials when added to soils can 
become more prominent in presence of light than microbial oxidation of 
energy materials. 

Recent field trials showing the increase of nitrogen in land covered 
with grass but not containing legumes and Azotobacter are in agreement 
with our conclusions that plant parts, farmyard manure and other organic 
matter can be oxidised thermally and photochemically even in absence of 
Azotobacter or legumes and lead to nitrogen fixation. 



NEW ASPECTS OF THE VALUE OF PHOSPHATES AND 
CARBONATES IN LAND FERTILITY 

By N. R. Dhar 


The parts played by phosphates in the soil seem to require further 
clarification. There is no doubt that phosphates are needed by plants 
and micro-organisms for their cell formation, respiration etc. and naturally 
their presence intensifies the growth of plants and microbial cells. 

On the other hand, there are certain chemical and physico-chemical 
processes taking place in the soil on the addition of phosphates, which 
require further consideration. 


Buffering Effect of Phosphates and Carbonates 


It is well known that carbonic acid is a much weaker acid, than phos- 
- photic acid as is evident from their dissociation constants : — 


Carbonic Acid : HgCOg : dissociation constant=3 X lo"' 

=3 X 10“’ (first dissociation constant) 


H“xCO. 


HOO. 


7^=6 X 10“!^ (second di.ssociation constant) 


Vhosphoric Acid : H3PO4 : dissociation constant 9 x io“® 


H^xH^PO/ 

H3PO, 


1.1 Xl 0 ~“ (first dissociation constant) 


H'>xHPOT 

H3PO4' ^ 


= 2 x 10 ”’ (second dissociation constant) 


H° XPO4'" 
HPO4" 


= 3 . 6 x 10 ”^® (third dissociation constant) 


That is why calcium carbonate, of which the solubility is practically 
the same as that of calcium phosphate, is more alkaline towards indicators 
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than calcium phosphate, 
recorded below : — 

OF THE VALUE OF PHOSPHATES I57 

The solubilities of some of these substances are 

Substance 

Formula 

Solubility in 100 parts 
of water at 0°C. 

Calcium Carbonate. 

CaCOg 

0.0013 

Di calcium Phosphate 

CaaHa (P 04 ) 22 H 20 . 

0.028 

Magnesium Carbonate 

MgCOg 

0.0106 

Monocalcium Phosphate 

CaHj (POi), H 2 O 

4.0. . . .at 1.5°C. 

Tr i c alci um Plios phate 

Ca 3 (PO^). 

0.0013 


Moreover, we have observed that when tricalcium phosphate is boiled 
with distilled water and the mixture filtered an appreciable amount 
of phosphoric acid is dissolved, and can be estimated as phosphomolybdate, 
because the following hydrolysis reactions take place : — 

1. Cag (P04)2+aH20=2CaHP04-}-Ca (OH)2 

2. Ca^ (P 04 ) 2 + 4 H 20 =Ca (H2PO,)2+2Ca (OH)2 

3. Ca^ (P04)2+6H20=--2H2P04-b3Ca(0H)2 

In the soil solution such hydrolysis reaction can also take place and 
phosphates are made available to crops slowly. Because the second and 
third dissociation constants of phosphoric acid are small, whenever 
hydrogen ions are available in the soil solution along with phosphate ions, 
PIPO4" and H2PO4' ions are readily formed and hence the hydrogen ion 
concentration in the system decreases. Similarly as the first and second 
dissociation constants of carbonic acid are also small, carbonate and 
bicarbonate ions present in the boil solution readily combine with hydrogen 
ions and form carbonic acid. Thus phosphates and carbonates can act 
as excellent buffers in the soil. \ 

It seems that both liming and addition of phosphates are more 
important to temperate country soils, which are on the acidic side, than 
to tropical soils, which are on the alkaline side. 

Moreover, when dicalcium or tricalcium or magnesium phosphate 
is a dded to acidic soils contaim’ng aluminium, iron and titanium phosphates 
of which the solubility products are smaller than those of tricalcium or 
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inagnesium phosphates, the hydrogen ions are removed readily and 
H 2 PO 4 ' and HPO 4 '’ are formed for the benefit of crops. On liming these 
soils, the hydrogen ions are also removed readily due to the formation 
of bicarbonate and carbonic acid. The lime further acts according to the 
law of mass action on the phosphates of aluminium, iron and titanium 
forming hydroxides of these metals and calcium phosphate which is more 
readily available to plants than the other less soluble phosphates. In this 
way liming decreases the phosphate -consumption in the soil. Similarly 
phosphates, by removing hydrogen ions from soil, decrease the lime con- 
sumption of soils. In this respect the function of phosphates is certainly 
of the same type as that of calcium and magnesium carbonates. There 
is no doubt, therefore, that addition of phosphates and addition of 
carbonates of calcium and magnesium or lime, perform the same 
function in the soil, that is, removal of hydrogen ions or acidity. It is, 
therefore, clear that addition of phosphates decreases the need of liming or 
vice-versa. This important conclusion has been supported by the following 
results : — 


Total crop grown Lruie re(piiT'(':in(mt 
during 5 years (Tons) Jones method, Lbs. 

CaO ]ier aero 


No Phosphate 

17.6 

2700 

Phosphate rocks 

29.4 

2520 

Superphosphates 

:u.r> 

2340 

Extra superphosphate 

42.2 

2250 

Ground bone 

33.4 

2160 

Thomas slag 

32.7 

2070 

In Collings’ book on 

^'Ccmmetcial Fettili^zers 

it has been stated on 


page 217 that the American people are the greatest producers, consumers 
and wasters of phosphates. As the majority of the land under cultivation 
in the U. S. A. and Europe is cn the acidic side, addition of phosphates 
is certainly beneficial, because they act as bulfer and remove the acidity 
of soils even without liming. Over-liming does harm to the soil, but over- 
phosphating has never been reported to be harmful to plants or soils. 
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Nitrogen Fixation in Soils by Adding Lime, Calcium Carbonate 

OR Phosphates 

It is certain that liming and the addition of phosphates decrease 
the acidity of soils and favour the oxidation of the organic substances 
present therein. It is well known that the carbon nitrogen ratio of soils 
increases with their acidity. On the other hand, we have repeatedly 
observed that the carbon nitrogen ratio of alkali soils is much smaller than 
10. Frequently, this ratio in the alkali soils of India having a pH of 10.7 
is three. In other words, the percentage of nitrogen present in the humus 
of the soil depends on the pH of the soil. The greater the pH, the greater 
is the percentage of nitrogen present in the humus of the soil. Hence, 
it can be inferred that on adding lime or calcium carbonate to an acid soil, 
not only the acidity decreases but also the carbonaceous matter undergoes 
more rapid oxidation, and the energy obtained in this oxidation fixes 
the nitrogen of the atmosphere in the soil. Thus, the carbon-nitrogen 
ratio of the acid soil decreases and its fertility increases. These conclusions 
are supported by the properties of fen soils. Russell has reported that 
when the vegetation includes calcicolous (calcium rich) plants, neutral 
humus soils, in which the oxidation of the organic matter is rapid, are 
formed. The chief characteristics of these fen soils are their richness in 
lime and high nitrogen content (3%). When drained, these fen soils 
prove highly fertile. The soil water is not acid but contains calcium 
bicarbonate. These soils contain calcium carbonate and hence can fix 
atmospheric nitrogen readily by the oxidation of organic matter, and that 
is why they are rich in nitrogen. They do not require nitrogen or lime 
but respond to phosphates. 

Similarly, phosphates, which act as buffers and reduce the 
acidity of soils and cause an increased oxidation of the carbonaceous 
substances, lead to increased nitrogen fixation in the soil. In this 
respect liming and addition of phosphates are likely to play the same 
role. Recently we have observed that the efficiency of nitrogen fixation 
greatly increases both in normal and alkali soils by the addition of 
phosphates. 
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Value of Dicalcium Phosphate as a Buffer and a Fertilizer 

It is interesting to note that when sulphuric acid reacts with calcium 
phosphate in the manufacture of superphosphates in the propKirtion of 
310 parts by weight of finely-ground phosphate and 196 parts of sulphuric 
acid and 90 parts of water & filtered, it gives 3/4th of the total phos- 
phoric acid as free acid. If the jelly is left to become dry and hard, the 
filtrate, when the mass is beaten up with water and filtered, contains 
monocalcium phosphate. If the quantity of the sulphuric acid is not 
sufficient for complete decompcsition, the dicalcium salt is formed. This 
arises, no doubt, by the formation of the monocalcium salt and its inter- 
action with tricalcium compound : 

Cas (PO,)2-bCa (H,P 04 ),- 2 Ca 2 (HPO,)., 

This represents one phase cf the so-called reversion of the phosphoric 
acid. When there is an excess of sulphuric acid, there is a complete 
decomposition of the calcium salts and liberation cf free phosphoric acid, 
which is harmful to the soil, specially in large concentrations. 

The average composition of a sample of superphosphate is as 


follows : — 

])OI'C<Ult 

Gyiisum (Ca SO4 . 2H2O) .^O.OO 

Monocalcium phosphate (CaH^ (PO^), . HgO) 26. (iO 

Dicalcium phosphate (CuaHa (P04)2 . HaO) 2.46 

Tricalcium phosphate (Cag (P04)2 2.20 

Silica (SiOa) 7.00 

Iron & Aluminium sulj)hates (Fe.a (804)3+ (112(804)3) 4.00 

Calcium Fluoride (CaFa) 1.50 

Water (HjO) 6.00 


The fcllowing table shows the proportion of various phosphate ions 
in the solution per 100 mols of dissolved phosphates in different pH 
values ; — 


pH. 

4 

5 

, 6 

7 

8 

Mols of H3PO4 

0.9 

0.1 

8x10-0 

SxlO-^i 

4 X 1 0 -o 

Mols of H 2 PO 4 ' 

98.9 

98 

82 

33 

3 

Mols of HPO 4 " 

0.2 

2 

18 

67 

97 

Mols of PO/" 

7x10-10 

1 

0 

X 

' 6xl0-« 

1 

0 

f—l 

X 

1 

0 

. — i 

X 


9 


5x10-8 

0.5 

99.5 

4x10-* 
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It is clear, therefore, that in acid soils of ternperate climatic countries 
H2PO/ ions are likely to be present in larger amounts than HPO/ and 
PO4 ions, hut in alkaline soils or even in neutral soils HPO^** ions are 
in larger amounts than HgPO^' ions, but because the solubility product of 
dicalcium hydrogen phosphate is much smaller than that of monocalcium 
phosphate, dicalcium hydrogen phosphate will precipitate out readily in 
neutral and alkaline soils in presence of Ca ions. 

Aloreover, the amount of monocalcium phosphate is about 12 times 
greater than dicalcium and tricalcium phosphate in ordinary samples of 
superphosphate, but in neutral and alkaline soils the monocalcium phos- 
phate cannot remain long in soil as such but will revert to the dicalcium 
and tricalcium phosphates. Hence, it seems unprofitable to add superphos- 
phate to our soils. 

If tricalcium and dicalcium phosphates are added to the acidic soils 
of temperate climate, monocalcium phosphate is likely to be formed 
and this is as good as adding superphosphate or even better than super- 
phosphate because the pH goes up on the addition of tricalcium 
phosphate. It seems that in alkaline or neutral soils of tropical countries 
addition of sodium-hydrogen phosphate, if it can be cheaply manufactur- 
ed, will be better than adding clacium phosphate, because in soils 
of pHy of more, the HPO4" ion is much more stable than HgPO/ ion or 
PO4'" ions. 

It is clear, therefore, that the problem of fertilizing Indian soils or 
other tropical soils from the phosphate point of view is more complicated 
than in temperate country soils which are on acidic side. Quantitative 
experiments are necessary to find out the velocity with which calcium 
carbonate can react with monocalcium phosphate forming dicalcium and 
tricalcium phosphates. Similarly, the velocity with which tricalcium 
phosphate can react with monocalcium phosphate forming dicalcium 
phosphate has to be determined. 

Hence, in the West an attempt should be made to prepare super- 
phosphate with smaller quantities of sulphuric acid, that is, rather prepare 
a mixture of almost equal parts of calciummono and diphosphates and thus 
save a part of the cost of the sulphuric acid. In the East also dicalcium 
phosphate should be more profitable than the ordinaty superphosphate. 

F. 11 
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The above conclusion that dicalcium phosphate, which is less acidic 
than the monocalcium compound which is the chief ingredient of the super- 
phosphate, should be prepared in larger amounts and more used in agricul- 
ture, is supported strongly by the following experimental observations in 
U. 'S-. A. 


Availibility of Phosphates to Plants Grown in Sand 


Compounds 

Tomatoes 

Potatoes Lime Beans 

Iron phosphate 

I 

14 

52 ■ 

Aluminium phosphate 

24 

90 

98 

Manganese phosphate 

... 83 

122 

0 

Tricalciiuii phosphate 

145 

110 

87 

Trimagnesiiim phosphate 

301 

320 

319 

Dicalciiim. phosphate 

296 . 

302 

307 

Monocalcium phosphate 

320 

. 307 

371 

Rock phosphate 

5 

31 

33 

Relative Value of various Phosphates for Crops 

in Kentucky 




IN FIELD 


Phosphates 

In Green House 





Not limed 

Limed 

Ordinary superphosphate 

.... 100 

100 

110 

Triple superjihosphate 

94 

97 

119 

Monocalcium phosphate 




Bi calcium phosphate . ) 

... 101 

100 

110 

Calcium metaphosphate 

103 

110 

126 

Pused-rock phosphate 

; . ; 100 

114 

126 

Tricalcium phosphate 

- .. 77 . 

95 

92 

Rock phosphate . - ' 

11 

7,1 

30 

Colloidal phosphate 

18 




The foregoing results show clearly that the availability and value as 
A fertilizer of dicalcium phosphate is as good as mpnocalcium phosphate. 
Phosphate rock' ( 3 Ca 3 ■(P 04)2 CaFg) does not react readily as it is much 
Jess soluble than Cag (P 04)2 due to the presence of CaFg. 

, In recent years superphosphates have been largely ammoniated and 
this is certainly a very .desirablejmprovement as it increases the amount 
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of dicalcium phosphate and tiicalcium pEosphate in the superphosphate 
as is evident from the following table : — 


Compound 

Percentage ^ with 

per cent Ammonia added 

as indicated 

• 0.0 

■3 .0 

2.0 

3.0 

4.0 

5.0 

6.0 

• Ca (P04)2 

25.0 

14.3 

3.5 

0.0 

0.0 

0.0 

0.0 

Ca Ha (P04) a 

4.5 

9^5 

12.0 

11.2 

5.0 

0.0 

0.0 

Gas (P 04 )a 

0.0 

0.0 

0.0 

8.2 

17.5 

25.7 

30.6 

NH4 Ha PO4 

0.0 

8.9 

14.3 

15.5 

12.5 

9.1 

6.0 

(NH4)a SO4 

0.0 

0.0 

0.0 

. 2.7 

8.5 

14.3 

20.0 

Ca SO4 . 2H2O 

62.2, 

62.0 

62.0 

58.3 

51.0 

.42.0 

. 32.0 

Inerts 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

3.0 

Totals 

94.5. 

97.7 

94.8 

98.9 

97.5 

94.1 

91.6 


The following observations of Lohnis and Fred for four years showing 
that the recovery of plant food materials can be greater in the case of phos- 
phate and potash than with nitrogen are in support^of the view that phos- 
phates can accumulate in the soil and show a residual effect : — 

Nitrogen P^Og KgO 

7.8 to 46.1% 10. 1 to 75.6% 22.4 to 85.1% 

Under the present practice of the fertilizer application in most advanced 
countries more phosphate is added to the soil than is removed by crops 
and lost by leaching. This is certainly a healthy step in controlling the 
soil acidity. 

It is well known that organic matter undergoes oxidation in the soil 
forming carbonic acid. Moreover, there is formation of nitrous acid (dis- 
sociation constant 6x 10-^) and nitric acid in soils when nitrogenous com- 
pCiunds undergo ammonification and nitrification. When carbonic acid 
is passed into water-containing tricalcium phosphate in suspension, the 
formation of dicalcium-hydrogen-phosphate has been reported. An aqueous 
solution of carbon dioxide in contact with normal calcium phosphate contains 
the following : — . 


CO2 

1.95 

3.91 

7.81 

15.63 milUmol/litre. 

CaO • 

0. II 

0. 10 

0.17 

0.44 gms. /litre 

P2O, 

3.32 

2.90 

■ 1-77 

3'. 30 gms. /litre 
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Hence, phosphate rock and other sparingly-soluble calcium phosphates 
are made available to plants by the oxidation of organic matter in soil 
according to the following equation ; — 

Ca3(P0,)2+4H2C03=Ca H 4 (P 04 ) 3 + 2 Ca (HCOa)^ 

Ca., (P04)2+4H N03=2Ca (H, 

Ground phosphates, when mixed with farmyard manure or green 
manure, are acted upon as above, and the phosphate is made available to 
crops. Peaty soils, which are usually acidic, are frequently treated with 
phosphate rock with good results. Hence, a mixture of sparingly soluble 
phosphates with organic matter is of great value to soils. Moreover, the 
colloids obtained from the organic matter may hinder the reversion of soluble 
phosphates in the soil. As with other manures and fertilizers usually, the 
best results are secured from the slowly available phosphates when they 
are applied to crops with a long growing season or with biennial or 
perennial rather than annual. It seems desirable that readily availiable 
forms of phosphorus have to be added to crops with a short growing season. 

Summary 

1. Calcium phosphates not only supply calcium and phosphate ions 
to crops but they can also act as buffers like calcium carbonate in decreasing 
acidity of soils. 

2. On liming an acid soil the oxidation of the carbonaceous com- 
pounds is increased, and in this process the carbon-nitrogen ratio of a soil 
decreases and nitrogen of the air is fixed and increases the soil fertility. 
Phosphates play the same role. The large amount of nitrogen present in 
fen soils is likely to be due to the fixation of atmospheric nitrogen taking 
place in calcium carbonate rich soils. 

3. In presence of phosphates the lime requirement of soils decreases. 

4. The dicalcium phosphate should be more profitable to acid soils 
than the ordinary superphosphate containing monocalcium phosphate. 
Hence superphosphates containing more dicalcium phosphate should be 
manufactured with smaller quantities of sulphuric acid. 

5. The accumulation of phosphates in soils is frequently observed 
in modern fertilizer practice and should be encouraged as it reduces the 
acidity of soils and helps nitrogen fixation. 
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6. Addition of organic matter with calcium phosphates is certainly 
useful as it increases the availability of phosphate. Moreover, organic 
matter forming colloidal substances can retard the progress of reversion of 
soluble phosphates. 
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